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Abstract
The municipal solid waste industry is changing, but neither government,
industry, nor society is currently able to shape it to be efficient and productive
in a way that everyone agrees in principle is right. The process that
germinated during the last two decades, when citizens and regulators began to
question human impacts on the natural ecosystem, has grown into
controversy and plunged the municipal solid waste industry into flux. At the
same time, the choices for management methods have also grown, making
consensus building more difficult for decision makers. This has led to cost
increases, inefficient practices, and inequitable outcomes. Furthermore,
market structure tends to discourage truly efficient outcomes even when
satisfactory decisions can be made.
The majority of the issues affecting municipal solid waste management
relate to one of two basic topics, market problems and decision making
problems. A variety of issues make up each topic, and most current waste
problems belong to one category or the other.
The public is directly responsible for solid waste generation, but capable
of and willing to deny implementation of available technical solutions to it.
Therefore, public perceptions about waste management, that have given
society an irreconcilable view of the current solid waste management system,
are responsible for some of the waste management problem. Generation
continues to increase, but public opposition (often characterized by the
NIMBY syndrome) to every type of solution also rises.
Citizen and environmental groups have recently argued for
implementation of more upstream waste management techniques, to gain
the diffused societal benefits from more efficient materials management
practices. Their case, supported by sustainability arguments, demands that
decision makers explicitly include the welfare of the environment in the
decision making process. However appealing the case is, its implementation
depends on subjective assessments of environmental attributes that are not
only difficult to evaluate, but impossible to substantiate.
The problem of decision making is more pressing because landfills are
closing due to new, stringent regulations, while new facilities have not kept
pace replacing them. As closures have affected more areas, the price of waste
management has risen, and added political heat to the problem. The
uncertainties associated with the recent addition of waste minimization, as a
policy goal for government, and "new" waste management technologies
(such as recycling and composting), serve only to further confuse the issues.
Two different markets are impacted by the waste management field:
the market for waste management services and the market for recovered
materials. The waste management service market is dominated by large
waste haulers whose market power stems from the nature of the business and
is significantly influenced by the public sector. The market for recovered
materials is young and experiencing growing pains in many areas.
In the market for waste management services, waste haulers have
monopoly power, while many of their household customers are not directly
sensitive to the prices they charge due to the method communities typically
use to raise waste management revenue. These both provide compound
disincentives for efficiency gains in the public interest.
The secondary materials markets have been flooded by recovered
materials resulting from the implementation of recycling in many
communities. These markets are a prerequisite for the movement to
upstream management practices, and the case for efficient materials use
depends on the existence of well-functioning materials markets. However,
municipalities continue to pass recycling legislation without adequately
addressing real market deficiencies.
There are no easy answers to these problems. Until technology
advances produce goods and services that never make wastes, refuse will
continue to build the largest monuments to mankind. Society can find
enduring solutions only through the cooperation of the public, industry, and
the government. If we, as a society, are to make and then implement good
decisions that acknowledge equity and other cherished values, and employ
the distributed, incentive based efficiencies of the free market, we must learn
new ways to explore all the issues, resolve the conflicts, and implement the
best decisions for all those concerned.
Improving the solid waste management system is not costless, but it is
not benefitless either. Unfortunately, we will never have an efficient,
equitable, implementable waste management system until engineers stop.
presenting it as a technical problem; lawyers stop presenting it as a legal
problem; economists stop presenting it as an economic problem; and
environmentalists stop presenting it as an environmental problem. It is all
of these. If all of these groups work together to examine the real tradeoffs
involved in decision making and implementation, then we will make real
progress in managing solid waste.
Thesis Supervisor: Professor Fred Moavenzadeh, Director
Center for Construction Research and Education
Acknowledgements
Many hours of hard work went into this thesis, and I would like to
thank everyone whose ideas served as my inspiration. Although I spent
countless hours developing this work, they provided the groundwork for my
understanding, and many of the concepts that guided my analysis.
I would like to especially thank Fred Moavenzadeh, my advisor and
thesis supervisor, who showed me that environment means more than
environmental engineering. Without his help, I never would have been able
to complete this manuscript.
I would also like to thank my friends who read, and provided
sympathetic criticisms of drafts of this thesis. My special thanks to office-
mates, Frank Altobelli and Edmund Pendleton who spent hours pouring
over drafts. Sincere thanks must also go to Jacks Sterenfeld, who patiently
listened to all of my ideas throughout their development.
Most of all, I would like to acknowledge the encouragement and
patience of my wife Sandie, who endured the work with me - she was crucial
for my success.
This thesis is dedicated to Sandie,
and to my parents, Henry and Hannah,
for urging me to "go back."
Foreword
Mike Boylan photo.1
A harmonious relation to land is more intricate, and of
more consequence to civilization, than historians of its
progress seem to realize. Civilization is not, as they often
assume, the enslavement of a stable and constant earth.
It is a state of mutual and interdependent cooperation
between human animals, other animals, plants, and soils
which may be interrupted at any time by any one of
them. Land despoliation has evicted nations, and on
occasion can do it again.
ALDO LEOPOLD, 1933 2
1Boylan, Mike, EPA Journal, March/April, 1991, p. 17.2Leopold, Aldo, "The Conservation Ethic", Journal of Forestry, October, 1933, p. 635.
Solid Waste in a Complex System
The solid waste management system in the US is a complex
interrelated group of social, political, and industrial interests that work,
mostly together, to provide a public good. However, lately the system has
broken down. Even though it was developed many years ago, and has been
continually refined by government, industry, and environmentalists, the
controversy over the direction of waste management progress has been
growing for the last few years.
The States, who are responsible for managing and regulating the waste
industry have largely been ineffective in providing efficient waste
management systems. Municipality management decisions are largely
driven by siting issues rather than efficiency or equity criteria. Siting is
dominated by controversy and the Not-In-My-Back-Yard (NIMBY) problem
which foils many attempts at building new waste management facilities.
Unfortunately, old waste management facilities that are not replaced are
poorly designed and constructed. Furthermore, many old facilities cannot
meet new environmental regulations and have been closing at an
unprecedented rate.
According to the waste management industry, the root of the decision
making and implementation problem is the failure of politicians to make
unpopular decisions that will ensure the locality adequate, safe, proven, and
reliable waste management capacity for the future. Environmental groups
stress the adoption of more upstream waste management techniques, such as
waste minimization, recycling, and composting, since they feel the root of the
problem is avoiding despoiling the environment by using alternative
management methods.
However, the real root of the decision making and implementation
problem is the inability to come to an acceptable decision that serves the
interests of all the stakeholders simultaneously. Each group has focussed the
issues through their own set of beliefs, their philosophical lens, which Garret
Hardin has called a "filter of reality." This filter serves to organize and
interpret the complexities associated with the problem into a logical, coherent
form that determines a course of action. Neither point of view is necessarily
wrong, just different.
Moreover, each group often regards the decision making process as a
zero-sum game, further galvanizing them into their positions and views.
Fortunately for them, the actual decision is really not a zero-sum game since
it can provide both of the groups with gains on many fronts, but neither has a
good feel for the types of gains that they can expect, or the extent of the
concessions they must make, to implement any of the different mixes of
strategies that are available to them given the current state of the waste
management system. If the tradeoffs were known, then groups might be able
to bargain about the attributes they feel are important to them concerning the
direction of change in the industry. A large part of making the best decision is
knowing what is at stake.
Society must be able to make the decisions in public forum that will
actually provide the best outcome according to social values and will best
meet all competitive needs and goals. This decision making process requires
us first to evaluate the choices, and then arrive at an informed decision that is
acceptable to those affected by it (the stakeholders). Someone must decide
how to manage wastes even though the uncertainty and complexity of the
issues, as well as the adversarial nature of the process, combine to hinder
O) decision making by inevitably drawing discussion away from real problem
solving and toward irreconcilable philosophical differences.
These groups must manage a host of competing technologies for waste
management. Landfilling, waste combustion (incineration), recycling,
composting, and waste reduction all are suitable for waste disposal, but it is
unclear how to divide the waste between them. Each group has its own plan.
Difficulties understanding the nature of the waste only confound the issues
further. The data for local generation, composition, and future growth is
often unavailable. Consequently, decision makers cannot precisely determine
needs even when they gain consensus on strategies.
The markets that serve the waste management industry complete the
solid waste system. The market for reclaimed material is currently
underdeveloped and can fluctuate wildly. Even so, mandatory recycling laws
only continue to grow and add to the problem. The other side of the market,
the market for waste management services, is dominated by a consolidated
and powerful industry whose structure provides the companies with
significant monopoly power that municipalities have little if any control
over. Meanwhile, customers typically do not bear the cost of the service, so
have little incentive to minimize wasteful practices.
As solutions continue to evade decision makers, costs continue to rise
and problems continue to mount. Current solutions may or may not be best,
but they could be considered in a more careful and holistic manner in order
to meet the complex constraints posed by the structure of the waste
management system. There is a more effective way of dealing with these
problems. If stakeholders are willing to decide, they can - once they are
provided with the right environment. Decisions can be explored more
carefully and holistically using a multi-attribute analysis. States and regions
should explore this decision making method to provide better chances for
siting waste management facilities, better management of available resources,
more efficient decision implementation, and decreased waste management
costs.
Chapter Summary
Chapter 1 entitled The Solid Waste Industry and Product, describes the
waste problem and the firms who have risen in the last decade to dominate
its solution. The magnitude of the waste problem is discussed and the
changes over time as well as future changes are presented. The industry is
described both with respect to economic models, and with respect to the
technological models of change in order to attempt to show how the industry
is and will remain structured over the short term. The composition of the
waste stream is also presented to provide an overview and a feel for the
materials and products that compose the waste.
Chapter 2 entitled Municipal Solid Waste Management Methods, describes
the modes, or current forms, of waste management in detail. Four categories,
based on the method and need for pre-disposal processing, are discussed:
Landfilling; Waste Combustion; Recycling and Composting; and, Waste
Minimization. Each can and will play an important role in decision making
and future management of waste.
Chapter 3 entitled Government's Role: Solid Waste Management Goals and
Laws, presents the policy and law that has and will guide regulators as they
debate over the implementation of solid waste management modes. These
policies and laws provide the rationale for the directions of government)
intervention in the solid waste market and the legal background needed to
understand the legal constraints that bound the industry's options.
Chapter 4 entitled The Paradigm Shift: Municipal Solid Waste Materials
Management, provides the rationale for the change in basic solid waste
management philosophy that has significantly altered the solid waste
management industry, and made decision making more difficult for
government and society alike.
Chapter 5 entitled Setting the Agenda: Solid Waste Decision Making,
analyzes two policy and decision making mechanisms to demonstrate the
difficulties associated with the predominant method of decision making and
to offer a new model that may be able to help make better decisions from a
more holistic point of view.
Chapter 6 entitled Two Types of Solid Waste Management Problems,
aggregates the the arguments, providing a conclusion based on the analysis of
the industry, modes, policy, and current direction of the waste management
field. The end of the chapter proposes future needs for the industry.
Sources of Information
Information from the following sources was invaluable in formulating
the ideas in this thesis: MIT Libraries, the EPA Region 1 Library, the Division
of Solid Waste of the Massachusetts Department of Environmental
Protection, the Harvard Libraries, several DIALOG Databases, the Boston
Public Library, Boston University Law School Library, the National Technical
Information Service, the Tufts University Center for Environmental
Management, TELLUS Institute in Boston, the National Solid Wastes
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thesis and its execution.
Contents
A bstract............ ......................................................................................................... 2
A cknow ledgem ents..................................................................................................... 4
Forew ord.................... .................................................................................. 5
Solid Waste in a Complex System ......................................... ...............
Chapter Sum m ary .............................................................................................. 8
Sources of Inform ation.........................................................................................9
Contents ....................................................................................................... 10
Tables .............................................................................................................. 
. ... 14
Fig u res ............................................................................................................................ 15
G lossary ........... ............................................................................................ ............. 16
1. Introduction: The Municipal Solid Waste Industry and Product........ 21
1.1. The Waste Problem: Is There a Waste Problem?..............................21
1.2. The Waste Management System Today ....................................... 22
1.2.1. Industry Participants and Structure .......................................... 24
) I. Waste Minimization ............................................. 24
II. Recycling and Composting ...................................................... 25
III. Waste Combustion.......................................... 25
IV. Landfills ...................................................... 26
V. Waste Hauling .................................... .............. 27
1.2.2. Influence of the Public Sector......................................29
1.2.3. Influence of The Public............................ .............. 30
1.2.4. Changes From New Technologies .................................... ... 30
1.3. The Industry's Product: Municipal Solid Waste.................................32
1.3.1. Municipal Solid Waste Classification ............................................. 33
1.3.2. Materials and Products in the Solid Waste Stream..................34
1.3.3. Materials in Municipal Solid Waste ....................... 36
I. Paper and Paperboard ............................................... 36
II. G lass.................................................... ....................................... 36
III. M etals ...................................................................................... 37
IV . Plastics ....................................................................................... ..... 37
V. Yard Wastes ................................................... 37
VI. Rubber and Leather....................... ....... 37
V II. T extiles......................................................................................... 38
V III. W ood.................................................. ....................................... 38
IX. Miscellaneous Inorganic Wastes.............................. .... 38
1.3.4. Products in Municipal Solid Waste ...................................... 38
I. Durable Goods ............................................ ....... 38
II. Non-Durable Goods ............................................... 38
10
III. Containers and Packaging...................................39
1.3.5. Final Destination of Waste.........................................39
2. Municipal Solid Waste Management Methods............................. ... 41
2.1. L an d filling ...................................................................................................... 42
2.1.1. Inventory of US Capacity ........................................... 43
2.1.2. Description and Operation................................................................44
2.1.3. Economics of Landfilling ........................................ ..... 47
2.1.4. Factors Discouraging the Use of Landfills .................................... 48
2.2. Waste Combustion and Energy Recovery .................................... 49
2.2.1. The Technologies of Waste Combustion ................................... 50
I. Fuel Processing.............................................................51
II. Furnace Types and Configuration .................................... 52
III. Air Emission Control Apparatus ...................................... 55
IV . Revenue Stream s ...................................................................... 56
V. Costs.........................................................57
2.2.2. Factors Encouraging Waste Combustion........................................57
2.2.3. Factors Discouraging Waste Combustion.......................................58
2.3. Recycling and Com posting ...................................................................... 60
2.3.1. R ecycling .................. ....................................................................... 60
I. Benefits of Recycling....................................................... 61
II. Recycling Program s ....................................................... ............. 62
III. Problems With Recycling ....................................................... 64
2.3.2. C om posting ........................................................................................... 67
I. Composting Process ............................................................... 68
II. Composting Costs................................................................... 69
III. Composting Programs ........................................ ..... 70
IV. Problems with Composting ................................. 70
2.4. Waste Minimization and Prevention............................ ...... 71
2.4.1. Waste Minimization Successes ....................................................... 73
2.4.2. The Future of Waste Minimization....................75
3. Government's Role: Solid Waste Management Goals and Laws .............. 80
3.1. Solid Waste Management Policy Goals ................................... .... 80
3.1.1. Sustainability and Materials Management ................................. 81
3.1.2. Risk Reduction.............................................. ..................... 82
3.1.3. Harnessing Market Forces............................................................84
3.1.4. Reducing the Adversarial Processes........................ ..... 85
3.1.5. Education ..................................................................................... 88
3.2. The Legal Context of Solid Waste Management...............................90
3.2.1. Historical Solid Waste Management..............................90
3.2.2. Government Planning and Programs.........................................91
I. Federal Legislation ................................................................... 91
A. Solid Waste Legislation...................................91
B. Other Legislation Affecting Solid Waste Management.........95
i. The Clean Air Acts and Amendments ......................... 96
ii. The Clean Water Acts and Amendments.........................97
iii. Comprehensive Environmental Response,
Cleanup and Liability Acts............................... .... 97
iv. Public Utility Regulatory Policies Act ............................. 97
11
v. The Internal Revenue Code................................ ...98) II. Administrative Rulemaking: Environmental
Protection Agency Actions ..................................... .... 98
III. State (and Local) Actions.....................................101
3.2.3. Future Legislative Direction.....................................102
4. The Paradigm Shift: Municipal Solid Waste Materials
M anagem ent .................................................................................................... 104
4.1. Integrated Waste Management................................ ....... 104
4.1.1. Sustainability and Materials Management ................................. 104
4.1.2. The EPA Integrated Waste Management Plan..............................107
4.1.3. Use of Resources ..................................... .............. 108
4.1.4. Costs Associated With Waste Management..................................110
4.2. Obstacles to implementing Materials Management
A pproaches.................................................................................................. 113
4.2.1. Increases in NIMBY and More Difficult Decision Making.........113
4.2.2. Shifting the Responsibility To the Waste Generator..............114
4.2.3. No Link Between Costs and Benefits .............................................. 116
I. Linking Payment To Cost .................................... ..... 117
II. Linking Cost of Item Disposal to Item Disposed...............117
III. Linking Costs With Technology ............................................... 118
4.2.4. Sorting the Solid Waste Mixture...................................119
4.2.5. The Cost of Supply Side Management............... .... 119
4.2.6. Education .......................................................................... 121
4.2.7. Problem of Accurate Unambiguous Data................................ 122
5. Setting the Agenda: Solid Waste Decision Making.............................. 128
5.1. Market Failures and Environmental Problems .................................. 129
5.1.1. Externalities................................................................................ ........ 130
5.1.2. Common Property ................................................. 131
5.1.3. Public G oods.................................................................. ................. 132
I. N on-Provision .............................................................................. 132
II. Non-Rivalry and Non-Excludability......................132
5.1.4. Consequences of Market Failures.............................. ..... 132
5.2. Economics Decision Making for Public Management............133
5.2.1. Two Decision Making Models ..................................... ..... 134
I. Benefit-Cost Analysis.................................................................... 134
II. Difficulties of BCA.............................................135
A. The Discount Rate ................................................ 135
B. Valuation of Non-Market Goods ..................................... 136
C. Scope of the Analysis ...................... ...... 137
D. Other Problems Associated with Benefit/Cost Analysis....... 138
III. Multi-Attribute Analysis .................................... ..... 139
IV. The Benefits of Multi-Attribute Analysis ............................. 142
5.2.2. Downfalls of Economic Models: The Need For
Deliberation.............................................................. ... ...... 143
5.2.3. Developing the Best Decision ........................................................ 144
I. Success In The Electric Power Industry........................... 145
II. Adaptation to the Solid Waste Management Industry........146
6. Conclusions: Two Types of Solid Waste Management Problems....... 148
6.1. Market Problems in Municipal Waste Management ........................ 148
6.1.1. The Market for Municipal Waste Management Services...........148
6.1.2. The Markets For Recovered Materials ..................................... 150
A. Build Markets For Recovered and Composted
M aterials ....................................................................... 151
B. Virgin Materials Market Subsidies .................................. 152
6.1.3. Matching Customer Costs and Benefits .................................. 153
A. Connecting Cost to Customers ...................................... 153
B. Connecting Cost to Item Disposed................................ 155
6.2. Decision Implementation Problems in Municipal Waste
M anagem ent ........................................................................................... 156
6.2.1. Why Implementation is so Difficult ......................... 156
A. The Waste Stream is Complex ....................................... 156
B. The Management Options: Integration of Waste
M anagem ent ........................................................................... 156
C. Government Responses......................... ........... 158
6.2.2. Current Practices May Not Help ..................................... .............158
6.2.3. A Better Decision Evaluation Practice May Help.......................159
A. Describing a Pragmatic Approach ............................................. 159
B. A Practical Example..........................................160
6.3. C onclusion .................................................................................................. 161
6.3.1. Recommendations .................................................. 162
A. Explore Multi-Attribute Analysis .................. .................... 162
B. Emphasize a Regional Approach........................... .... 163
C. Provide Decision Makers With Good Data..............164
D. Connect Waste Management Costs and Benefits ................ 164
E. Developing Markets For Demand Limited Recovered
M aterials .......................................................................... 165
6.3.2. Research Agenda....................................... .......................... 165
A. Decision Making Modelling.................. ...... 165
B. Technology...................................................................... 
............ 166
C. Data Collection and Standardization .................................... 166
D. Market Development and Impact Analysis............................166
Bibliography..................................................................................................................167
Tables
Revenues of Six Largest Solid Waste Management Firms......... 29
Generation and Disposal By Mode (1988 - 1995).............................40
Cost Estimates for 80 Acre Landfill in Michigan.......................... 47
Capital Costs of Waste Combustion Plants .................................... 57
Environmental Benefits From Recovered Material Reuse..........61
Capital Cost Data For Material Recovery Facilities...................... 64
Operating Cost Data For Materials Recovery Facilities ................. 64
Recycling Goals and Market Development Plans for Nine
States .................................................................................................. 
. 120
Table 1.1:
Table 1.2:
Table 2.1:
Table 2.2:
Table 2.3:
Table 2.4:
Table 2.5:
Table 4.1:
)~
Figures
Figure 1.1:
Figure 1.2:
Figure 2.1:
Figure 2.2:
Figure 2.5:
Figure 2.6:
Figure 2.7:
Figure 2.8:
Figure 2.9:
Figure 4.1:
Figure 4.2:
Figure 5.1:
The Municipal Waste Industry Value System.................. 23
Daily Per Capita Waste Generation in US (1960 - 1988) ............... 35
Techniques of Waste Management by Type ..................................... 42
Landfills Projected to be Remaining in Operation Through
2013........................ ............................................................................. 43
Cross Section of a Typical Mass Burning Facility....................... 51
Cross Section of a Typical Refuse Derived Fuel Boiler...............52
Section View of Refractory Lined Combustion Facility .............. 53
Section View of Typical Waterwall Combustion Facility......... 54
Section View of O'Connor Combustor .............................................. 55
Historical Trend of Waste Minimization by Producers .............. 112
Seasonal Variation in Waste Generated in Cape Cod,
M assachusetts ........................................................................... ..... 124
Example of Single Tradeoff Graph From Multi-Attribute
A nalysis........................................................................................... 141
Glossary
To eliminate misunderstandings in subsequent discussions, several
common terms are defined below.
Accounting Costs refer to the costs that firms bear in the market (as opposed
to non-market costs or externality costs). These directly affect the
profitability of the firm in the short term.
Aerobic Decomposition is the process of biological degradation in the
presence of oxygen.
AGREA is the Analysis Group for Regional Energy Alternatives.
Anaerobic Decomposition is biological degradation in the absence of oxygen.
Appropriability "refers to the environmental factors, excluding firm and
market structure, that govern an innovator's ability to capture the profits
generated by an innovation."1
BCA - see Benefit-Cost Analysis.
Benefit-Cost Analysis is a decision making technique where benefits are
,) compared to costs in order to determine the suitability of future actions.
Bottle Bills are laws that mandate a deposit system for any type of beverage
container.
Commingled Recyclables are recyclable materials that have been collected
without separating them at the curbside. They are taken to a materials
recovery facility for separation.
Common Property is one type of natural downfall of the market related to
property right system which occurs when property is not exclusively
controlled by a single entity. Common property, is accessible to all and
usually exploited on a first come first served basis. Examples of common
property include: air, surface water, groundwater, the sea, and wildlife.
Complementary Assets are the assets or capabilities associated with the
successful commercialization of an innovation.
Compost is derived from the aerobic decomposition of wastes. It usually has
value as a soil amendment. Even though it has little value as a fertilizer,
1Teece, David J., "Profiting From Technological Innovation: Implications for Integration,
"N Collaboration, Licensing and Public Policy", Readings in the Management of Innovation, 2nd
Ed., Tushman, Michael, and William Moore, Eds., Ballinger Publishing Co., 1988.
it imparts excellent physical properties to the soil such as enhancing
aggregation, improving porosity and aeration, decreasing crusting, and
improving water infiltration and retention.
Cost Backstop refers to the cost of the next closest competitor or substitute for
a product or service.
Discards refer to the leftover fraction of the municipal solid waste after
recycling and composting operations have removed the portions useable
in each process. These materials are usually combusted or simply disposed
of in landfill operations.
Downstream Waste Management Techniques do not require the waste
generators to preprocess or otherwise handle the wastes (as opposed to
upstream waste management techniques).
EPA refers to the US Environmental Protection Agency.
Externalities occur if all costs are not realized for a market activity . This
phenomena is often cited as the most important cause of environmental
problems.
Garbage - see Municipal Solid Waste
Generation refers to the production of municipal solid waste.
•) HHW - see Household Hazardous Waste
Household Hazardous Waste is a type of municipal solid waste that originates
from many different common household items that contain explosive,
toxic, ignitable, corrosive, and reactive solid and liquid chemicals.
Incineration - see Waste Combustion.
Integrated Waste Management is a comprehensive municipal solid waste
program consisting of four activities. The first activity for
implementation of the program would be to reduce the volume and
toxicity of wastes as much as practicable. Next recycling should be
implemented as much as practicable in order to reclaim materials for
industry re-use. Any non-combustible portions should be removed to
leave a waste that will provide good fuel for energy production. Where
possible, materials that produce toxic byproducts when combusted or that
leave toxic constituents in combustion ash in amounts that could be
considered hazardous, and materials that interfere with the combustion
process (for example, because of their physical composition) should also be
removed. Only previously separated materials and remaining
combustion ash should be finally landfilled.
Landfilling is the practice of burying waste.
Market Failures are imperfections in the operation of the market that lead to
the inefficient allocation of goods.
Mass Burning refers to the combustion of unprocessed waste.
Material Recovery Facilities are waste management facilities that process
commingled and curbside recyclables for sale in the secondary materials
markets.
Mode refers to a technique or technology for waste management.
MRF - see Materials Recovery Facilities.
Multi-Attribute Decision Analysis is a technique that itemizes all the different
impacts associated with a decision to show how of additions and changes
affect the future performance of a system.
Municipal Solid Waste is a mixture of materials and products that is
discarded by households, businesses, institutions, and government.
NIMBY Syndrome (NIMBY) refers to the Not-In-My-Back-Yard Problem,
which frustrates the siting of necessary but locally unwanted land uses
among other things.
OTA refers to the Congressional Office of Technology Assessment.
Policy Goals represent the underlying social goal that any particular plan
attempts to address. Therefore, a policy goal is a broader concept than
simply a specific action by a regulatory agency (which is often called a
"policy"), such as standardizing guidelines for plastic product labelling;
and it is a narrower concept than a social goal (which is also often called a
"policy"), such as ensuring public health. Policy goals encompass groups
of specific strategies, or plans of action, that can be used to reach a social
goal like cleanliness or efficiency.
Public Goods are those goods which are not only freely accessible to all, but are
indivisible when consumed. Consumption is said to be indivisible when
one actor's consumption does not diminish the amount available for
another. Pure public goods are described by three attributes: Non-
provision; Non-rivalry; and Non-excludability.
PURPA refers to the Public Utilities Regulatory Policies Act
RCRA refers to the Resource Conservation and Recovery Act.
RDF - see Refuse Derived Fuel.
Recovery (recovered material) refers to the removal of materials from the
waste stream for the purposes of recycling, combustion (with or without
energy and/or heat recovery), and composting. Residues resulting from
materials recycling and composting operations are not considered
recovered materials.
Recycling is the recovery of materials for the purpose of reprocessing and re-
marketing. In many studies composting is considered to be a type of
recycling even though it is not generally thought of as a part of the
recycling process.
Sanitary Landfills are earthworks construction projects providing
compaction and stabilization of trash.
Siting is the process of determining a suitable location 'or a facility. When
controversial, siting can be a considerable problem for decision makers.
Stakeholders are those who stand to gain or lose from a decision or action.
Sustainability describes the practice of the efficient utilization of resources in a
manner such that current practices do not result in the destruction and
depletion of our limited environmental assets or obviate economic
growth and prosperity.
SWM refers to solid waste management
Tipping or Tip Fee is the price that a waste management facility charges for
dumping waste.
Upstream Waste Management Techniques require the waste generators to
preprocess or otherwise handle the wastes (as opposed to upstream waste
management techniques).
Waste is the set of products and materials that are discarded by society.
Waste Combustion (also Waste-to-Energy, Incineration) refers to combustion
of the organic portion of in a facility designed to utilize the heat generated
to produce steam and/or electricity.
Waste Hauling refers to the collection and transportation of waste.
Waste Management Modes are techniques used to manage waste. Four
common solid waste management modes currently describe solid waste
management practices in the US today: Landfilling; Waste-To-Energy;
Recycling and Composting; and Waste Minimization.
Waste Minimization can be applied to municipal solid waste in two ways:
quantity reduction, and toxicity reduction. Quantity reduction is aimed at
all materials in the waste stream, while toxicity reductions are aimed at
specific products and materials that produce the greatest risks to human
health and the environment during the waste management process.
Waste-to-Energy - see Waste Combustion
Yard Wastes: Yard wastes include grass, leaves, and tree trimmings from
residential, commercial and institutional sources.
:1. Introduction: The Municipal Solid Waste Industry and Product
1.1. The Waste Problem: Is There a Waste Problem?
It is common to read in the popular press about the impending solid
waste crisis facing the US. This sentiment is often echoed by leading
government officials, environmentalists, and the solid waste management
industry for a variety of different reasons. Actually, our cities are not
wallowing in trash today nor will next year's garbage bring about the collapse
of our economy. However, political pressure, arising from concerns raised by
egregious past practices including hazardous waste dumping at uncontrolled
municipal landfills, has led Congress to pass stringent environmental
legislation that will force more than 2,000 of our nation's 6,000 landfills to
close by 1993 at a time when public opinion is not favorable to new landfill
siting. The result will be an undercapacity of landfill space if we continue
current practices - based on today's rates of old landfill closings and new
landfill sitings our national disposal requirements will exceed our national
disposal capacity by 1998.1
Many cities, especially in the Northeast, have already reached their
local disposal capacities, and more are reaching capacity every month.
Undercapacity will force many cities to pay high disposal prices until they can
find and implement adequate local solutions.2 These capacity problems result
in interstate municipal solid waste commerce, recycling, or other waste
management practices, along with an increase in prices for disposal from
opportunistic waste management firms. Communities, who must dispose of
their waste, have reluctantly paid for expensive, transportation intensive
waste management solutions since new capacity siting requires a 4 to 10 year
negotiation process with no guarantee for success. 3
Despite statistics indicating impending capacity shortfalls, the public
still frequently refuses to allow waste treatment, processing, or storage
1 Moore, W. Allen, testimony before the Senate Committee on Environment and Public Works,
Municipal Solid Waste Crisis: Hearing Before the 201st Congress, US Government Printing
Office, Washington, DC, June 1989, p. 211.2US Congress, Office of Technology Assessment, Facing America's Trash: What's Next For
Municipal Solid Waste?, US Government Printing Office, Washington, DC, October 1989.3Williams, Marcia E., Vice President of Environmental Policy at Browning Ferris Industries,
testimony before the Senate Committee on Environment and Public Works, Municipal Solid
Waste Crisis: Hearing Before the 101st Congress, US Government Printing Office, Washington,
DC, June 1989, pp. 238 - 258.
facilities in their communities. The Congressional Office of Technology
Assessment (OTA) suggests that landfill and other facility siting has become a
problem due to a wide variety of different causes including: concerns over
performance of existing facilities; concerns over future environmental and
health risks; the NIMBY problem; and, inadequate public involvement in the
decision making process. 4 If municipalities can overcome these siting
problems, then technology is available to address the majority of the
remaining problems, but municipalities cannot easily resolve the siting
issues. Therefore, the municipal solid waste crisis will only remain a true
crisis if decision makers accept and continue current practices for the
immediate future.
To really understand the industry, and the ramifications of the waste
crisis, it is first necessary to understand the fundamental nature of the
municipal solid waste industry. Two important topics best convey the
essence of the industry: the competitive structure of the industry and the
nature of the waste that it revolves around.
1.2. The Waste Management System Today
The competitive relationships between the different firms involved in
the industry value system is evident from structural analysis of the
municipal solid waste industry and its business relationships. A value
system5 diagram shown in Figure 1.1, describes the stream of important value
adding activities in the industry. The industry value system highlights two
important observations about business relationships in the system. First,
each path through the system ends at a secondary market or a landfill,
indicating that both are very important to the industry. Second, only a waste
hauler or a curbside recycler provide links between the customers and the.
appropriate waste disposal firm. Therefore these transportation firms are
vital to the system, especially since they account for its most cost intensive
portion.
4US Congress, Office of Technology Assessment, Facing America's Trash: What's Next For
Municipal Solid Waste?, US Government Printing Office, Washington, DC, October 1989, p. 3.5For discussion see Porter, Michael E., Competitive Advantage: Creating and Sustaining
Superior Performance, The Free Press, New York, 1985, Chapter 2.
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Figure 1.1: The Municipal Waste Industry Value System
The Congressional Office of Technology Assessment estimates that
industry generates about a third of all municipal solid waste, while
households generate the remaining two thirds.6 Commercial solid waste
generators (including industry, institutions, and the public sector) privately
contract with waste haulers in most cases. Waste haulers are primarily waste
collection and transportation companies who carry refuse to a waste disposal
firm where they pay a fee, called a "tipping fee", to dump the waste based on
its weight. Frequently, waste haulers own the means of waste disposal,
providing them with a significant competitive advantage over other waste
haulers. Private recyclers usually buy industrial recyclables, commonly called
scrap (or sometimes secondary materials), that they sell in the scrap
commodity markets.
Households are quite different from commercial customers for the
waste management industry since local governments are primarily
responsible for arranging the waste management services for a large group of
individuals who pay for the service through property taxes or fees. The
municipality often contracts with a private waste hauler for waste collection
at the household. Some communities also recycle or compost some wastes
j6US Congress, Office of Technology Assessment, Facing America's Trash: What's Next For
Municipal Solid Waste?, US Government Printing Office, Washington, DC, October 1989.
which requires an additional curbside or regional collector. Centralized
) 'collection requires residents to drop-off their recyclables at predetermined
locations, while curbside collectors arrange for pickup much like waste
haulers. In either case, recycling companies later process the recyclables, also
referred to as secondary materials, before their sale in commodity markets.
1.2.1. Industry Participants and Structure
There are three ultimate destinations for waste in the municipal solid
waste system: a materials recovery facility (MRF) or composting facility; a
waste combustion facility; or, a municipal solid waste landfill. Of the three,
only the landfill is not dependant on another market for a revenue stream.
Likewise, there are only two modes of transportation for refuse to follow
through the system: through a waste hauler; or, through a materials
collector. In practice, the waste hauling firms often own the materials
collection firms, but since the two require different types of vehicles, have
different customers, and have different economics, the value system
diagrams shows them as separate market segments.
The most important difference between waste haulers and materials
collectors is that municipalities pay waste haulers for waste removal and
disposal, where recyclers must make some portion of their profits (sometimes
all of their profits) from the sale of recycled or composted material.
Municipalities, who would rather contract with one firm for collection and
disposal services, can effectively force materials collection firms to provide
MRFs or composting facilities as a precondition for contracting. Although the
waste hauler depends on the landfill owner or waste combustion firm for
supplying access to dumping, the relationship has grown to be much different
from that of the recycler and the scrap commodities markets. This difference
in supplier characteristics translates to a big difference in supplier power
between the two segments.
I. Waste Minimization
Waste minimization, not included in Figure 1.1, is a new field that
may potentially impact the waste management industry (and society)
significantly. Lawmakers have determined that waste minimization is the
most preferable means of reducing the volume and cost of waste
)
management in the US.7 Unfortunately, due to the unique nature of the
practice, the effect that it will have on the industry in the future is essentially
unknowable, except that the resulting changes will surely tend to take
business away from the waste management industry and perhaps open up a
brand new minimization industry.
II. Recycling and Composting
An analysis of the five competitive forces affecting the recycling and
composting industry segments (according to Porter's 8 five forces framework
for competitor evaluation) reveals their competitive structure. Proprietary
technology and restricted access to contracts serves to limit entry into the
market as well as to keep the power of suppliers low. While landfills and
waste combustion serve as effective substitutes, a municipality may require
recycling, so the power of substitution may be very low if present at all.
The nature of typical commodity markets should serve to keep the
power of buyers low, but recycling and composting have grown faster than
markets were often able to absorb the products. Therefore, the power of these
buyers is rather high due to a scarcity of buyers and many willing sellers. If
the market was truly a commodity market, then the analysis would indicate
better profitability for the segments. This does not mean that the business
will be automatically profitable once established markets emerge. Effects from
many different local laws and practices are so important for determining
profitability that companies should carefully consider them before making
judgements about any particular location.
III. Waste Combustion
Waste combustion is an important but controversial practice in
municipal solid waste management which has important qualities that are
necessary for any comprehensive waste management plan. More so than
recycling or composting, combustion requires a combination of access to
limited contract markets, specialized technical knowledge, and a good
reputation to participate effectively in the market. Therefore, the threat of
new entrants is very low. Buyers from the energy markets aren't particularly
7US Environmental Protection Agency, "Pollution Prevention Policy Statement", Federal
Register, US Government Printing Office, January 26, 1989, pp. 3845 - 3847.8porter, Michael E., Competitive Strategy: Techniques for Analyzing Industries and Competitors,SThe Free Press, New York, 1980, Chapter 1.
powerful since the law requires them to accept the energy produced at
combustion plants. The waste haulers have moderate buyer power since
there are substitutes, although the added cost of transportation usually limits
their options, effectively acting like a cost backstop. Suppliers have some
power over profits, especially sophisticated equipment or boiler makers such
as Babcock and Wilcox, that have technical knowledge about design and
fabrication of the plant's components. The firms in the market also exhibit
some rivalries since high fixed costs and few available contracts make the
industry competitive.
There are two types of owners for waste combustion plants, public and
private. While public plants usually serve a predefined area, private plants,
also called merchant plants, are free to contract with whomever they please.
This ability has been very profitable for many firms who had excess capacity
when towns around them ran out of disposal options. Typically, the town
landfill closes and leaves the town with disposal needs that local politicians
did not address early enough to avoid problems (possibly since the waste
management and siting issue is so politically volatile). Prices are rising
quickly everywhere, so waste combustion firms can charge what the market
will bear, frequently just less than the backstop price for other options. This
ability earns the firms generous profits from the lack of planning on the part
of a community.
IV. Landfills
Even though landfill technology is comparatively simple and there are
new laws which provide relatively high exit barriers, the threat of new
entrants is low since it is extremely difficult to site and permit new landfills.
Customer power is low since they are fragmented and require access to
disposal services. Also, the supply of landfills is steadily dropping so scarcity
tends to raise the profitability for owners. There are essentially no suppliers
for landfill owners except commodity equipment companies who have no
power to lower profitability. The industry conditions are favorable since
waste disposal companies have territorial limits placed on their numbers by
government. Therefore the high cost of transportation limits customer
options so that any particular landfill's market will be oligopolistic in lature
if not a local monopoly.
_)
The only significant challenge to industry profitability is the
availability of substitutes. Waste combustion, recycling, composting, and
waste minimization all serve as substitutes for landfills. Waste combustion
has a limited influence since combustion plants are large, fixed plant
operations. Currently recycling and composting are not profitable due to their
interaction with unpredictable markets, and are therefore weak substitutes.
However they may provide more of a competitive challenge as
municipalities increasingly mandate their use and commodity markets for
their products stabilize. Impacts from increased use of waste minimization
are very difficult to forecast, although they will surely have a bigger influence
on the market as municipalities begin to pass legislation encouraging the
practice.
V. Waste Hauling
Waste haulers have a low threat from entrants because high fixed costs
serve both as exit and entry barriers which help to keep many entrants out of
the market. Moreover, the significant pools of landfills owned by the waste
haulers, and economies of scale that exist in purchasing and operations,
increase barriers because new entrants must make large capital investments
to compete in the market. The buyers, a fragmented group of relatively small
entities, are price takers in the market, since they have low power over the
waste haulers, and they must have the service in most cases. Suppliers
(landfills and waste combustion plants) should possess relatively high
supplier power to influence the profitability of the waste hauler, but waste
haulers wisely purchased many of these strategic assets to nullify the supplier
power. The threat of substitutes from recycling, composting, and waste
minimization is small at present, but it is growing.
To hold on to their customers and the market share they represent, the
large waste haulers, anticipating the eventual maturation of the markets and
outlets for recyclables and compost, have increasingly taken on unprofitable
recycling and composting operations to keep customers. Waste minimization
may present a more formidable threat since waste haulers cannot "purchase
the competition" to keep market share. Even though contracts are usually
regularly bid (five year contract lengths are typical), the industry rivalry is
low. Large waste companies, who could afford to set up hauling operations in
any area to service a new client, must operate within an economic radius of
their disposal sites. Since these waste companies cannot easily or quickly site
a new waste disposal facility, they cannot compete anywhere they want. This
limits the competition to certain geographic areas where it is economical to
transport waste to more than one facility.
Waste hauling, including transportation, collection, and dumping of
wastes, traditionally accounts for the majority of the cost of municipal solid
waste management. One study in 1980/81 concluded that by far the largest
expense in costs, manpower, and capital investment is for waste hauling. 9
Although dated, analysis of the data reveals that an average of 82 percent of
the total cost of waste management was attributable to waste hauling. Today,
as costs rise for disposal services, the percentages attributable to waste hauling
have surely dropped, but the magnitude of the cost associated with waste
hauling is still significant.
Although it may not be unimaginable to have two competitive waste
collectors providing services in the same area, and in fact in some locations
this has occurred, it is not efficient. A least-cost residential collection scheme
requires that one collector exclusively service a single area to maximize the
collection amount per unit time. Likewise, local disposal options are more
efficient than distant options since transportation costs are naturally lower.
Because transportation accounts for such a significant fraction of the cost of
waste disposal, the single collector local disposal option will be the most
efficient, given that all other things are kept equal.' 0
Many US haulers have acquired landfills and waste combustion
companies as strategic assets to help assure monopolistic profits. This practice
has led to the recent consolidation of the waste management industry, and
has made waste management companies very profitable. For instance, the
stock for industry leader Waste Management Inc., which owned and operated
123 landfills with 80 more under construction in 1989, traded at nearly 25
times earnings for four consecutive quarters. 11 In 1990, the company's
income rose by 22 percent from $4.4 billion to more than $6 billion, while
earnings increased by 36.7 percent to $648 million.12
9Holmes, John R., "Waste Management Options and Decisions", Practical Waste Management,
John R. Holmes, Ed., John Wiley, New York, 1983, Chapter 1.
10Ackerman, Frank, "Solid Waste: The Hidden Utility", Biocycle, August, 1990, pp. 7 - 8.
11 , "A High Profit Hauler", Fortune, July 3, 1989, p. 32.12Malloy, Michael G., "Big Six Keep Growing", Waste Age, June, 1991, pp. 33 - 43.
Currently, six companies account for the majority share of all waste
management services, including waste hauling services, in the US. These
companies, whose revenues are compared to the entire industry in Table 1.1,
are primarily waste haulers that have grown by acquiring other waste haulers
and other waste management assets. Together they dominated the market in
1990, accounting for 45 percent of total revenues.
1990 Revenue Percentage of
(millions) Market
Attwoods PLC $383 2%
Browning-Ferris Industries $3,000 12%
Chambers Development Co., Inc. $66 =0%
Laidlaw, Inc. $1,700 7%
Waste Management, Inc. $6,034 24%
Western Waste Industries $172 1%
Total Big Six Revenue $11,355 45%*
Total Industry Revenue* $25,000 100%
*Details do not add due to rounding
Table 1.1: Revenues of Six Largest Solid Waste Management Firms13
1.2.2. Influence of the Public Sector
Government plays a significant role in the waste management industry
since the entire market stems from the public need for municipalities to
manage the waste disposal practices of the firms and households within its
jurisdiction (see Chapter 5). Therefore, by definition the government controls
the industry, but not through their municipal solid waste contracting
function since the municipalities usually are fragmented and consequently
have little power to influence prices.
There are three areas in particular where regulators heavily influence
the market for waste disposal: the requirement of local, regional, or state
recycling or composting; the assurance of electric markets for waste
combustion plants; and tax advantages offered waste disposal facilities.
Recycling and composting legislation changes the competitive nature of the
market since it compels waste haulers to enter the composting and recovery
business since they must provide turnkey service to clients to hold on to the
13Industry 1990 revenue from Wingerter, Eugene J., "Where is the Waste Industry Going?",
Waste Age, April 1990, p. 281, and, 1990 revenues from Malloy, Michael G., "Big Six Keep
Growing", Waste Age, June, 1991, pp. 33 - 43.
large transportation revenues associated with hauling recyclables from
household to MRFs or composting facilities. Electric power laws tend to give
waste combustors an advantage over utilities since laws do not hold them to
the same strict generation quality and reliability standards as electric utilities.
Tax provisions for facility financing offer more incentives to landfills or
waste combustion facilities and relatively fewer incentives to recyclers and
composters due to the IRS definition of waste for tax purposes.
1.2.3. Influence of The Public
The public has provided new challenges to the government and the
waste management industry. Environmental groups and other local public
organizations have built coalitions which require waste management firms to
contribute some of the profits from operations to public utilities and activities
if they are to act as host for solid waste management facilities. Therefore a
locality, acting as a supplier of a critical resource (sites for the construction of a
facility), may be able to extract a high toll from the industry, thus lowering
profitability just like any other supplier with significant power would.
For instance, in Charles City County, Virginia, citizens have negotiated
a host fee of $2.50 per ton of waste dumped in the new 2,000 ton per day
landfill constructed in the county by Chambers Development. The payments,
already over $1 million for 1990 even though the plant was only operational
from April to December, have lowered property taxes by 20 percent and paid
for a new school. 14 In the Northeast, these types of payments are even
written into the state laws. New Jersey and Pennsylvania have provisions for
monetary payments from waste combustion facilities based on facility use,
while Rhode Island and Massachusetts have provisions for payments in lieu
of taxes (PILOTs). 15
1.2.4. Changes From New Technologies
Through the early 1980s, the waste haulers built their businesses
essentially using advantages gained through their critical success factor, their
landfills. Now, other modes of waste management, especially waste
combustion, recycling, and composting, have begun to challenge the
14Woods, Randy, "Meeting and Exceeding Expectations", Waste Age, April, 1991, pp. 30 - 34.15Binder, James A., "Getting to 'Yes' on Waste to Energy", Waste Age, April, 1990, pp. 148 -
152.
dominance of the landfills. The impacts can be forecast using several
theoretical technological and economic models.
In his 1990 MBA thesis, Cheng applied the Teece framework to analyze
technology change in the solid waste management industry.16 He analyzed
the strengths and weaknesses of the waste combustion and plastics recycling
industries to predict the impact of these "new" technologies on the waste
management market. He also provides a good analysis of some of the
technological and economic models that help to determine the influence of
new technology on industries. The thesis demonstrates that waste haulers
should continue as industry leaders since waste combustion and recycling do
not possess the attributes to allow entrants to change the industry's structure.
According to one of Teece's observations, two factors determine the
success or failure of new technologies in the market: the appropriability
regime; and, the access to complementary assets.1 7 "Appropriability refers to
the environmental factors, excluding firm and market structure, that govern
an innovator's ability to capture the profits generated by an innovation. The
most important dimensions of such a regime are the nature of the technology
and the efficacy of the legal mechanisms of protection" such as patents,
copyrights, and trade secrets. Complementary assets are the assets or
capabilities associated with the successful commercialization of an
innovation.
According to Cheng's analysis waste combustion firms, who have good
appropriability in their technology, will be able to compete on a limited basis
with the waste haulers. However, since the incumbent waste hauling firms
hold many of the complementary assets critical for success in the waste
management industry (especially in their ownership of landfills that are
necessary for residue dumping, as well as their ownership of the collection
fleet), they will force combustion firms to share the profits with them. The
results of this prediction have already occurred since most of the large waste
hauling firms have already merged with or purchased waste combustion
firms to acquire the skills that will keep them in a monopolistic market.
16Cheng, Tai-Chin, The Solid Waste Management Industry, Thesis for Master of Science in
Management, Massachusetts Institute of Technology, Cambridge, Massachusetts, 1990.17Teece, David J., "Profiting From Technological Innovation: Implications for Integration,
Collaboration, Licensing and Public Policy", Readings in the Management of Innovation, 2nd
Ed., Tushman, Michael, and William Moore, Eds., Ballinger, 1988.
Some of the same relationships hold for the recycling segment (and
most likely the composting segment), except that the waste haulers are at
more of a disadvantage vis-a-vis the recycling technology since the recyclers
don't require landfills, even though they do need the waste hauling
infrastructure due to the nature of the recycling industry. However, this
analysis may not be completely correct. Since waste collection and recyclables
collection are essentially two different transportation activities and usually
require two different types of vehicle, the waste haulers' transportation
infrastructure is of little value as a complementary asset in the market.
Therefore the waste haulers do not have an advantage on the basis of their
transportation infrastructure, especially since the hauling and scheduling
technology they use is commonly available, inexpensive, and non-proprietary
in most cases.
The choice between collection approaches makes a difference in the
ability of incumbents to retain their market share. Recyclers do require access
to landfills since they inevitably collect unusable trash with the recyclables.
Those who collect commingled recyclables and sort them at a central facility
must landfill between 5 and 20 percent residue after processing at a material
recovery facility.18 Curbside recyclers on the other hand may have a strong
advantage since they pre-sort at the curb and may have the option of leaving
non-recyclables so they do not need significant access to landfills.
Since the industry is so young, no dominant collection paradigm has
emerged. Until then, it is unclear how the industry will resolve the tradeoff
between curbside and facility sorting. If recyclers can advance the technology
enough to do without the landfills, they will be a structural threat to the
waste hauling industry. Many waste haulers have started or purchased
recycling firms to keep effective monopoly power and ward off this possible
threat.
1.3. The Industry's Product: Municipal Solid Waste
The industry revolves around the transportation and processing of the
product, but curiously, municipal solid waste is not a single product at all.
Municipal solid waste is a category of products and byproducts of
consumption that result from household, commercial, industrial, and
18Glenn, Jim, "Sorting the Mix at Material Recovery Facilities", BioCycle, July, 1991, pp. 30 -
37.
institutional activities. While only one source in the total waste stream,
municipal solid waste accounts for a very large volume fraction of the total
discarded and disposed of items.
The US EPA has characterized the different segments of the waste
stream in various laws guarding the environment throughout US history.
Today, two broad headings describe waste. The Resource Conservation and
Recovery Acts (RCRA) define each class. The first, commonly called solid
waste or Subtitle D waste, includes several general waste categories:
municipal solid waste; household hazardous waste; municipal sludge;
municipal waste combustion ash; industrial non-hazardous waste; "small
quantity generator" waste; construction and demolition waste; oil and gas
waste; and mining waste. The second category, commonly called "hazardous
waste" and regulated under RCRA Subtitle C includes explosive, toxic,
ignitable, corrosive, and reactive solid and liquid chemicals. 19
Subtitle D wastes come from two basic complementary sources,
materials or products. Materials are relatively homogeneous wastes such as
paper, yard wastes, food wastes, glass, metals, plastics, rubber, wood, and
management residues (incineration byproducts and recycling residues).
Products include durable goods (appliances, furniture), non-durable goods
(magazines, clothing, household products, motor oil, batteries), and packaging
materials (paper, paperboard, cardboard boxes, cans, bottles, plastic and metal
foils, wood). Policy makers use this classification to understand the true
sources of municipal solid waste by producer, to make predictions for future
municipal solid waste usage patterns, and to make capacity calculations.
Since the US Department of Commerce compiles industry statistics and
industry typically produces solid waste that can be classified as durable or non-
durable materials and products, this taxonomy is useful.
1.3.1. Municipal Solid Waste Classification
Unfortunately these rather simple classes are not sufficient to define
the wastes if the object of the classification is to eliminate all confusion about
different waste's applicability for different waste management processes.
Thus, for accurate planning purposes, municipal solid waste categories
should convey two important qualities: first, they should provide an
19West Publishing Co., Inc., Selected Environmental Law Statutes, 1990-91 Educational Edition,SWest Publishing, St. Paul, Minnesota, 1990, pp. 523-624.
unambiguous method for determining applicability of items to strict classes;
and second, the classes should directly determine the best mode for future
disposal of the waste. The classes must be unambiguous to avoid inaccurate
measurements that could mislead municipalities or industry, and must be
separable by suitability for different management modes to provide accurate
measures to plan for particular needs.
Actually defining and then using these unambiguous classifications
may be unrealistic because it would be difficult and expensive. Therefore,
researchers must settle for a much less robust descriptive paradigm even
though different localities are often apt to describe the same product or
material differently because of the lack of comprehensive guidelines. For
instance, municipal solid waste does not include construction debris
according to EPA definitions, but because wood often makes up a large
portion of construction debris, officials may mistakenly determine it to be
wood refuse rather than construction debris.
For practicality, municipal solid waste materials have been broken
down by the EPA (and others) into seven categories for measurement: Paper,
Yard Wastes, Plastics, Metals, Food Wastes, Glass, and Other Waste. All of
these types of waste come from each type of source, be it household or
industrial. Each may, for instance, end up in the same landfill.
Ordinary waste disposal facilities receive many types of waste, not just
municipal solid wastes. In fact, operators dump most of the other types of
Subtitle D wastes (given above) at municipal solid waste landfills. Therefore,
even though estimates for municipal solid waste are available, they do not
always represent the total waste stream that will actually enter a landfill (or
other waste facility).
1.3.2. Materials and Products in the Solid Waste Stream
The EPA estimates that Americans generated 180 million tons of
municipal solid wastes in 1988.20 Analysis of their study's predictions
indicates that the weight of municipal solid waste generated in the US is
growing at a rate of about 1.5 percent per year through the year 2010. A 1.5
percent increase appears to be a modest amount (estimates for energy usages
20US Environmental Protection Agency, Characterization of Municipal Solid Waste in the United
States: 1990 Update, Report of the Municipal Solid Waste Task Force, Office of Solid Waste,
Washington, DC, June 1990.
increase at approximately 3 percent per year), but the volume of discarded
refuse really increased at a higher rate because traditional glass containers
were replaced by plastics, and steel by aluminum. As trash density drops, and
weight simultaneously rises, the absolute volume of refuse rises at an
increasing rate.
Throughout the last three decades, the waste from US households has
grown by more than a third. Significant increases in the mass of paper and
plastics account for much of the increases. Figure 1.2 shows the per capita
breakdown of waste by material category.
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Figure 1.2: Daily Per Capita Waste Generation in US (1960 - 1988)21
2 1Franklin Associates, Ltd., Characterization of Municipal Solid Waste in the United States:
1990 Update, Report of the Municipal Solid Waste Task Force, Office of Solid Waste,
Washington, DC, June 1990.
1.3.3. Materials in Municipal Solid Waste
I. Paper and Paperboard
The largest component of municipal solid waste in the US is paper and
paperboard. In 1988, paper comprised 40 percent of the weight of the entire
municipal solid waste generation, amounting to 72 million tons. 22 Major
product constituents of the waste paper stream included corrugated boxes,
newspapers, and office paper, though books and magazines, other non-
packing paper (such as tissue in disposable diapers, paper in games and
novelties, posters, tags, cards, etc.), folding cartons, and commercial printing
also accounted for significant fractions of the total.
Material recovery has been successful for paper and paperboard. In fact,
this segment of the waste stream has the highest recovery rate of any of the
currently recycled materials. Throughout the preceding decades, increasing
percentages of paper were recovered indicating a trend toward increased
utilization of waste. However, even with this relatively high rate of recovery,
nearly three fourths of the material, more than 50 million tons, remained
unutilized, and was primarily buried in municipal solid waste landfills.
II. Glass
In 1988, the EPA estimated that glass made up 7 percent of the weight of
the entire municipal solid waste generated amounting to 12.5 million tons.23
Containers for beer, soft drinks, wine, liquor, and other food and cosmetics
made up the largest fraction of glass in the waste stream. Glass use has
declined over the last few decades owing to increased production of plastic
and aluminum containers. Recyclers only recovered twelve percent of all
glass waste generated by 1988, amounting to less than one percentage of the
total waste stream.
22Franklin Associates, Ltd., Characterization of Municipal Solid Waste in the United States:
"990 Update, Report of the Municipal Solid Waste Task Force, Office of Solid Waste,
Washington, DC, June 1990, Table 4, p. 13.
23Franklin Associates, Ltd., Characterization of Municipal Solid Waste in the United States:
1990 Update, Report of the Municipal Solid Waste Task Force, Office of Solid Waste,) Washington, DC, June 1990, Table 4, p. 13.
III. Metals
Ferrous metals accounted for 11.6 million tons of the waste metal
stream, by far the largest portion by weight of the metal municipal solid waste
generated in the US. Aluminum accounted for 3.3 million tons, and other
metals (primarily lead) accounted for only 1.1 million tons.
Although the aggregate totals reveal a mediocre record on metals
recovery, notably high rates exist for some products. Deposit laws and
disposal bans promoted recovery of approximately 89.9 percent of all lead
batteries, as well as 55 percent of all aluminum beer and soft drink cans.
However, the recovery rate for ferrous metals (especially from durable goods
such as appliances or furniture) is comparatively low.
IV. Plastics
Fourteen million pounds of plastic became municipal solid waste in
1988. Nearly 30 percent (3.8 million pounds ) consisted of miscellaneous non-
durable products such as trash bags, eating utensils/straws, and shower
curtains. Total plastics recovery (as a percentage of total plastic waste
discarded) is one percent, and most of that is actually due to recycling of 21
percent of the 0.4 million tons of plastic container waste. During the last two
decades, plastics have been a rapidly growing component of municipal solid
waste.
V. Yard Wastes
The EPA estimated that municipalities recovered only 2 percent of the
approximately 32 million tons of yard waste produced in 1988 for composting.
Unfortunately, the statistics have not been able to capture the amount of yard
wastes removed due to individuals who either practiced home composting or
reduced their yard waste by some other means.
VI. Rubber and Leather
Many different products, from automobile tires to hot water bottles, are
made from rubber or leather. Although tires are the largest single constituent
in this waste stream (1.9 million tons), clothing and footwear are significant
as well (1.1 million tons). Rubber tires were the only material or product that
had any significant recovery rate, which the EPA estimated to be 5.6 percent.
j
VII. Textiles
The 3.9 million tons of textile wastes come from both composite and
homogeneous products. Clothing is the largest source of textile wastes,
although composites such as tires, furniture, footwear, and other
miscellaneous nondurables were significant sources of textiles. Recovery of
these items is difficult and therefore insignificant.
VIII. Wood
Discarded wood products, the largest contributor to the 6.5 million ton
wood waste stream, include furniture, miscellaneous durables like cabinets
for electronic equipment, crates and pallets, and some miscellaneous
products. Some businesses recover wood pallets, but most of this waste
stream is discarded.
IX. Miscellaneous Inorganic Wastes
Fines (sand, dust, an so on), bits of stone or concrete, and other
miscellaneous inorganics contribute 2.7 million tons of waste to the overall
waste stream. This category has virtually no identifiable recovery rate.
1.3.4. Products in Municipal Solid Waste
Even though product classifications do not provide different amounts
for total waste generation, they are very important because most wastes enter
the waste streams as discarded products rather than materials that can be
reclaimed or must be discarded. Since the information is classified
differently, it highlights major categories most responsible for the municipal
solid waste stream.
I. Durable Goods
Durable goods as a percentage of waste composition by weight have
been increasing since 1960. Increasing amounts of furniture/furnishings and
lead-acid batteries are most responsible for this trend. The weight percentage
of major appliances, rubber tires, and other miscellaneous durables (TV sets,
VCRs, small kitchen appliances) has held constant or fluctuated until 1988.
II. Non-Durable Goods
Paper products make up the largest fraction of the 50 million ton (1988)
non-durable municipal solid waste stream. While newspaper generation, as a
percentage of the entire municipal solid waste stream, declined since 1960,
other nondurables have increased to provide a consistent upward trend for
the total amount of nondurables. Books and magazines, office paper,
commercial printing, and disposable diapers accounted for notable portions of
the aggregate rise.
III. Containers and Packaging
Container and packaging waste production has increased steadily since
1960 although its percentage in the waste stream has steadily decreased.
Lighter products, and lighter, more efficient packaging have both contributed
to this trend. Aggregate data show that plastics and aluminum replaced a
large fraction of glass and steel packaging (mostly containers, bottles and jars).
Beer and soft drink containers produce the majority of the waste attributable
to this product category accounting for most of the container and packaging
waste stream. Corrugated boxes, the next largest component of the waste
stream, accounted for nearly half of the weight of beer and soft drink
containers.
1.3.5. Final Destination of Waste
As a country, we use and discard more than a half ton of municipal
solid waste per person every year. An average family (2 adults; 1.4 children)
will throw out 350 bags of garbage every year or approximately 4 pounds per
person per day. These rates have been responsible for producing what are
some of the largest man-made structures ever built: the municipal solid
waste landfills. 24
The EPA estimates that landfills receive 73 percent of all municipal
solid waste.25 Industry prefers landfilling since it is relatively simple and was
traditionally the least expensive alternative in the short run. As shown in
Table 1.2, landfill disposal should provide less disposal capacity for the future
as other management modes increasingly capture more of the waste stream.
Alternative forms of refuse management have dramatically increased during
the last few years. Twenty-three states and the District of Columbia have
24Beck, Melinda, et. al., "Buried Alive", Newsweek, November 27, 1989, pp. 67 - 76.
25Franklin Associates, Ltd., Characterization of Municipal Solid Waste in the United States:
1990 Update, Report of the Municipal Solid Waste Task Force, Office of Solid Waste,
Washington, DC, June 1990.
passed mandatory source reduction, composting, or recycling laws which
have fuelled the switch to these alternative forms of waste management.
Disposal bans and deposit legislation have further impacted the waste stream
causing removal, recycling, and waste reduction in many localities (see
Chapter 3).
Millions
1988
Generation
Recovery for Recycling
Recovery for Composting
Total Materials Recovered
Discards After Recovery
Combustion With Energy Recovery
Combustion Without Energy Recovery
Total Combustion
Total Landfilled
of tons
1995
Percentage of
Total Generation
1988 1995
179.6 199.8 100.0 100.0
23.1 38.8 12.9 19.4
0.5 9.5 0.2 4.8
23.5 48.3 13.1 24.2
156.0 151.5 86.9 75.8
24.5 45.0 13.6 22.5
1.0 0.5 1.5 = 0.0
25.5 45.5 14.2 22.8
130.5 106.0 72.7 53.1
Table 1.2: Generation and Disposal By Mode (1988 - 1995)26
The number of operating landfills continues to fall due to the
difficulties older facilities have in meeting new strict and tougher landfill
regulations. In 1988 there were 7924 landfills in operation, but by 1990 the
number had dropped by 20 percent to 6326.27 Siting problems will continue to
hasten the decrease in landfill numbers throughout the 1990s. Costs for use
of existing facilities are expected to continue to rise.
26Franklin Associates, Ltd., Characterization of Municipal Solid Waste in the United States:
1990 Update, Report of the Municipal Solid Waste Task Force, Office of Solid Waste,
Washington, DC, June 1990.
27Glenn, Jim, and David Riggle, "The State of Garbage in America", BioCycle, April 1991,
pp. 31 - 38.
2. Municipal Solid Waste Management Methods
Solid waste management is an interdisciplinary problem that concerns
virtually every segment of society. Individuals, households, businesses,
industries, and government all need solid waste management - the industry
is in fact pervasive in society. The industry is also undergoing an upheaval,
where society and government are changing traditional methods of waste
management. The interplay of these forces is likely to bring significant
changes to the industry throughout the coming decade.
The management practices of other countries such as Japan may
exemplify the future goals of US garbage management, but the path toward
these is particularly rooted in the ground of social change. Many authors
compare the practices abroad to the US solid waste system.1 However, using
practices in Europe and the Far East as models for a more effective domestic
system neglects consequential differences in resource availability, culture,
tradition, and infrastructure. Therefore, implementing the waste
management practices of other countries should not serve as a goal for US
managers, but only as a model from which to extract important and relevant
implementable features.
Four solid waste management categories, or modes, currently describe
solid waste management practices in the US today: Landfilling, Waste-To-
Energy, Recycling and Composting, and Waste Minimization. Both the
performance and the role of each practice is changing as regulators discover
and compare the virtues and drawbacks associated with implementing
different mixes of waste management technologies. Each will have different
effects on the waste stream that are likely to change with time, technology,
and public opinion.
The four waste management techniques can be classified using a
measure of the amount of handling or processing required from the waste
generator. Upstream management requires the waste generators to
preprocess or otherwise handle the wastes while downstream management
requires little or no handling. Figure 2.1 shows the spectrum of management
techniques. An important feature of upstream techniques is that their
benefits are more diffused and difficult to estimate and capture (see Chapter 4)
1Hershkowitz, Allen and Eugene Salerni, Garbage Management in Japan , INFORM, Inc., New
York, 1987, andHershkowitz, Allen and Eugene Salerni, Garbage Management in Japan,
INFORM, Inc., New York, 1987.
than those of downstream techniques. Downstream techniques, long
preferred by regulators and the public, are currently less appealing since the
discoveries of many serious but previously unacknowledged effects from past
practices.
Waste Recycling and Waste
Minimization Composting Combustion Landfilling
Upstream Downstream
Management Management
Techniques Techniques
Figure 2.1: Techniques of Waste Management by Type
The increased use of upstream waste management policies such as
source reduction, and upstream processing technologies like recycling and
composting, where users or suppliers frequently remove or pre-process the
waste before collection, reduces only selected portions of the waste stream.
Therefore, downstream technologies, like combustion and landfilling, must
be capable of handling a wide variety of discards. Upstream removal of
)selected waste, while not likely to have significant effects on landfilling, may
considerably influence waste combustion. 2
The importance of conceptualizing waste management techniques on a
continuous spectrum lies in realizing that the different waste management
methods are not just different problem solving techniques, but part of an
interrelated system. Therefore regulators should manage them as a group of
interdependent programs rather than independent activities.
2.1. Landfilling
Landfilling is the traditional and primary means of municipal solid
waste management in the US. It is an unavoidable feature of the system since
non-recyclables, non-combustibles, and residuals from waste processing
require landfilling. Also, landfills play an important role for waste stream
leveling in that they can accommodate fluctuations in the waste stream most
easily, while many other waste management facilities simply cannot. New
2Taylor, Henry F., Planning for Waste Combustion: The Effects of Integrated Waste Management
on Waste Combustion Capacity, draft of report for Massachusetts Department of
Environmental Protection, December, 1991.
landfills must also be continually sited because they have an intrinsic capacity
limit.
2.1.1. Inventory of US Capacity
Since 1978 approximately 14,000, or almost 70 percent, of the nation's
operating municipal landfills have closed. This fact alone is responsible for
many of the important changes in the industry today. Within ten years, most
existing landfill capacity will close in four states: Florida, New Jersey,
Massachusetts, and New Hampshire. Overall, the EPA estimated in 1990 that
approximately 2,000 of the nation's 6,000 operating landfills will close by the
year 1994.3 Figure 2.2 shows the EPA predicted life of the operational landfills
through the year 2013.
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3US Environmental Protection Agency, Background Document for the Solid Waste Dilemma:
An Agenda for Action (Draft Report of the Municipal Solid Waste Task Force), US Government
Printing Office, Washington, DC, September, 1988.
4US Environmental Protection Agency, Survey of State and Territorial Subtitle D Municipal
Landfill Facilities, draft final report, US EPA, Washington, DC, October, 1987.
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Figure 2.2 is even more significant since municipalities and industry site and
I construct fewer new landfills each year throughout the US. In the early 1970s,
300 to 400 landfills were permitted yearly, but during the last decade that rate
dropped to only between 50 and 200 without a compensatory increase in
landfill size. However, this statistic alone does not signal an impending
crisis. In fact, some locations have actually increased long term disposal
capacity because newer landfills are frequently larger, current landfills are
routinely expanded in many areas, and alternative forms of waste
management (such as waste combustion) are steadily increasing capacity.5
2.1.2. Description and Operation
The sanitary landfill is essentially an earthworks construction project
providing compaction and stabilization of trash. New York City and Fresno,
California developed the practice in the 1930s to help protect the public from
health hazards, while minimizing the waste's total volume.
Methane Collection
Figure 2.3: Section View of Modern Landfill that meets Minimum Federal
Requirements 6
Federal regulation (see Chapter 3) requires modern landfills to include
many environmental protection features, shown in Figure 2.3. Impervious
5US Congress, Office of Technology Assessment, Facing America's Trash: What's Next For
Municipal Solid Waste?, US Government Printing Office, Washington, DC, October 1989.6US Environmental Protection Agency, "Solid Waste Disposal Facility Criteria (40 CFR
Parts 257 and 258)", Federal Register, US Government Printing Office, October 9, 1991, pp.
50978 -51119.
I
liners with layers of dense clay and impervious synthetic materials protect
groundwater from leachate, the aqueous discharge resulting from the
movement of precipitation and infiltration out of the landfill. Pipes carry the
leachate from the bottom of the landfill to the surface for treatment and
disposal. Landfill operators compact waste in layers and cover it daily with
soil to stop scavengers such as gulls and to eliminate odors. Pipes sunk
through the layers collect the explosive, but often useful methane gas
produced as a result of anaerobic decomposition inside the landfill by
microbes.7
Leachate
Collection
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Composite
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Leak
Detection
System
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Figure 2.4: Ten Layer Composite Double Liner for Landfills 8
7Rathje, William J., and Louis Psihoyos, "Once and Future Landfills", National Geographic,
National Geographic Society, Washington, DC, May, 1991.
8Daniel, David E., and Robert M. Koerner, "Landfill Liners From Top to Bottom", Civil
Engineering, American Society of Civil Engineers, New York, December, 1991, pp. 46 - 49.
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Several states have passed much more comprehensive legislation that
requires better protection from leachates since many experts in leachate
chemistry and liner engineering warn that the minimum federal standards
are too lenient. These engineers and scientists propose a double-composite
liner system, consisting of ten layers in four major segments: leachate
collection system, primary composite liner, leak detection system, and
secondary composite liner. Figure 2.4 shows a section of the proposed system.
New regulations have required collection of methane from landfills
that generate enough gas to exceed the lower explosion limit at the landfill
property boundary. Since the laws came into effect, the use of methane for the
generation of power and the commercial sale of the gas piped from landfills
has increased. Methane was commonly vented and flared in the past.
However, according to a recent study, "60% of all 'viable' (methane recovery)
facilities have begun operations since 1986," leading to double digit growth in
the recovery industry.9 The use of methane collection is necessary since the
gas is colorless, odorless (household gas contains additives to impart smell),
and toxic at high concentrations. Furthermore, it can be highly explosive in
confined areas and has led to explosions in structures. For example, in
November of 1983, a townhouse in Madison, Wisconsin, located across the
street from a closed landfill, exploded from methane buildup and burned the
two tenants, (since the explosion a methane recovery system has been
installed). 10
Once a landfill is closed, the operator is required to place an
impermeable layer on top to prevent infiltration into and volatilization from
landfill. This layer, called the "final cover", must be monitored throughout
the thirty-year "post-closure" period. The landfill owner must provide
continual care and maintenance of the closed facility as well as financial
assurance for any problems that may arise during post closure .11 Facilities
such as golf courses, airports (such as in New Jersey and New York), or
9 , "Methane Recovery Projects Multiply", Engineering News Record, December 12,1991,
pp. 23 - 24.
100'Leary, Patrick, Patrick W. Walsh, and Robert K. Ham, "Managing Solid Waste",
Scientific American, New York, December, 1988, pp. 36 - 42.
11US Environmental Protection Agency, "40 CFR Parts 257 and 258 Solid Waste Disposal
Facility Criteria; Final Rule", Federal Register, US Government Printing Office, October 9,
1991, pp. 50978 - 51119.
wildlife refuges have been built and successfully operated on top of the final
j cover layer.
2.1.3. Economics of Landfilling
No typical landfill costs can be determined since the cost of this service
depends on many different local factors. Often, the tipping fees, charges on
tax bills, or cost for access to the existing local landfill do not reflect the true
costs of comprehensive landfill management because public landfill operators
do not typically acknowledge several important costs. Municipalities tend to
ignore items such as monitoring, compliance, and closure costs when setting
fees even though these are important costs associated with landfilling.12 An
effect of this policy is that users have less incentive to use the landfill
resource efficiently (see Chapter 4).
The economics of landfill operation and closure has recently been
changing due to influence of new local, state, and federal regulations. A study
done in Michigan, provides estimates of the magnitude of the average
relative costs of new landfills in the US.13 Appendix 2.1 provides the
assumptions for the cost model. Costs are summarized below in Table 2.1.
Cost Category Cost Estimate
Predevelopment $ 7,260,000
Construction 25,566,000
Operations 84,105,000
Closure 2,452,000
Post Closure 5,526,000
Subtotal 124,909,000
Interest, Insurance, Taxes, Bonding, Contingencies add 21% to 56%
Remediation, Corporate Overhead, Profit Unknown
Table 2.1: Cost Estimates for 80 Acre Landfill in Michigan 14
These costs reflect the price that an owner would pay for a modern,
single liner landfill. From the assumptions, the breakeven price not
12US Environmental Protection Agency, Background Document for the Solid Waste Dilemma:
An Agenda for Action (Appendices A, B, and C), US Government Printing Office, Washington,
DC, September, 1988.
13Walsh, James, "Sanitary Landfill Costs, Estimated", Waste Age, March, 1990, pp. 50 - 54.
14Walsh, James, "Sanitary Landfill Costs, Estimated", Waste Age, March, 1990, pp. 50 - 54,) and Walsh, James, "More on Sanitary Landfill Costs", Waste Age, April, 1990, pp. 289 - 292.
including insurance, taxes, bonding, corporate overhead, remediation,
contingencies, or profit, is approximately $11.20 per ton for the owner,
assuming 1000 tons per day, for 320 working days per year, for 21 years, and an
interest (discount) rate of 10%. A summary of the calculation is given in
Appendix 2.2.
Recent landfilling cost increases, which reflect requirements from the
new federal regulations for landfills promulgated by the EPA in September
1991, clearly affected the industry. Browning-Ferris Industries, Inc., Houston,
the second largest waste management firm, set aside $156.4 million as
additional reserves to offset the additional costs of these and other new
environmental rules that will affect its existing landfills. 15
2.1.4. Factors Discouraging the Use of Landfills
The most important criticism for landfilling today is that in its current
form, it is not a sustainable practice. Dr. William J. Rathje, a modern-day
garbage archaeologist from the University of Arizona explains one aspect of
the problem:16
Inside landfills, biodegradation is largely a popular
myth...Making discards out of theoretically "biodegradable"
materials, such as paper or plastic with corn starch, is often
proposed as a solution to our garbage woes...Laboratories can
biodegrade newspapers into grey slime in a few weeks or
months, if they are finely ground and placed under ideal
conditions. The difficulty, of course, is that newspapers in
landfills are never ground, conditions are far from ideal, and
biodegradation does not follow laboratory schedules.
Others involved in state-of-the-art solid waste management echo his
criticisms. Many foreign and domestic industry experts feel that
indiscriminate dumping of mixed wastes is the most environmentally
unsatisfactory method of dealing with the waste problem.
Another important criticism for municipal solid waste landfills is that
relatively few existing facilities control or collect the associated wastes that
result from landfilling. In 1988, only 25% had any type of containment
15 , "Landfill Rules Cost BFI", Engineering News Record, November 18, 1991, p. 22.
16Rathje, William L., testimony before the Senate Committee on Environment and Public
Works, Municipal Solid Waste Crisis: Hearing Before the 101st Congress, US Government
Printing Office, Washington, DC, June 1989, p. 149.
system to block the migration of leachate from the landfill, and only 5%
recovered methane or other gaseous byproducts from waste decomposition.
Despite these facts, 90% of the waste stream landfilled in the US was buried in
uncontrolled facilities.17
2.2. Waste Combustion and Energy Recovery
Solid waste combustion with energy recovery, sometimes called
incineration or waste-to-energy, has occurred all over the world for decades.
It is indeed an ancient technology. Organized burning of municipal solid
waste began as early as 1885 in the US in New York; energy recovery began as
far back as 1898.18 More recently, until about 1950, municipalities burned
solid waste in open dumps where refuse would often smolder for days or
weeks, emitting smoke, particulates, noxious odors, and chemical pollutants.
These practices gradually gave way to more controlled but simple mass
incineration techniques, carried out in basic mass burning facilities with few
if any pollution controls. However, by 1970, public concern for the hazards of
air pollution had prompted Congress to pass the Clean Air Act of 1970 which
essentially banned this type of uncontrolled burning and mandated a new
generation of waste combustion facilities which utilized substantially more
expensive pollution control equipment.
A few years later, due to dramatic increases in energy prices, many
areas expressed renewed interest in municipal solid waste as a fuel source for
energy production. High energy prices made waste combustion an
economical alternative, in some cases, to the low cost practices of simple
landfilling that had predominated in the past. Rising costs for meeting more
stringent landfilling requirements, government subsides encouraging the
practice, and high transportation costs resulting from public pressure to locate
waste disposal sites away from population centers, also made combustion
look more economical. Since waste-to-energy facilities could be located in
industrial locations closer to population centers, transportation costs were
often greatly reduced compared to landfilling far away. Governmental
development authorities, formed at state and regional levels, encouraged the
development of these "waste-to-energy" projects which exploited a "new"
17US Environmental Protection Agency, Report to Congress: Solid Waste Disposal in the United
States (Volume II), US EPA, US Government Printing Office, Washington, DC, October, 1988.
18Gershman, Bickner, and Bratton, Inc., Small Scale Municipal Solid Waste Energy Recovery
Systems, Van Nostrand Reinhold, New York, 1986, p. 5.
energy resource that emerged from what had previously been exclusively a
uj burden.
In other countries (particularly Japan and EC Nations) where space
constraints and higher energy costs have been more characteristic than in the
US for many years, waste to energy has often played a larger role. By 1987
there were approximately 350 energy recovery facilities in operation in 15
countries and many more facilities were in planning stages.19
Today, US energy prices have stabilized, but solid waste incineration
continues to be an increasingly important part of waste management.
Advantages of these facilities include: energy production, volume reduction,
pathogens and toxins destruction, as well as the ability link into the
municipal solid waste collection system with few modifications. However,
public reactions to siting and other environmental issues has recently
increased opposition to these facilities. These sentiments have good cause.
Waste to energy plant disadvantages include: possible mobilization of
chemical toxins and heavy metals, facility reliability problems, rising costs,
and effects of the facility's large demand for refuse on the effectiveness of
recycling efforts.
2.2.1. The Technologies of Waste Combustion
Waste combustion facilities are designed for a specific amount of
material throughput. The vendor usually determines and guarantees this
value, often referred to as the "nameplate capacity," as a stipulation of the
design and construction contract. Designers forecast the physical properties of
the waste to estimate the thermochemical characteristics of the furnace, as
well as the thermal capacity of the boiler which removes heat energy for
energy recovery. Since waste is abrasive, non-homogeneous, and corrosive,
furnaces are specially designed to withstand the harsh combustion
environment and minimize other problems peculiar to the solid waste fuel.20
I. Fuel Processing
Waste combustion facilities can be described by two different design
parameters: the fuelling method and the equipment types or configuration.
19Neal, Homer A., and J. R. Schubel, Solid Waste Management and the Environment: The
Mounting Garbage and Trash Crisis, Prentice Hall, Englewood Cliffs, New Jersey, 1987, p. 81.
20Schlotthauer, David J., et. al., "Resource Recovery: Prepared Fuels and Materials", The
Solid Waste Handbook, William D. Robinson, Ed., John Wiley and Sons, New York, 1986.
There are two dominant methods of fuelling used today: mass burning and
refuse derived fuel (RDF).
Figure 2.5: Cross Section of a Typical Mass Burning Facility21
The capacity for combustion of unprocessed, mixed municipal solid
waste is distinctive to mass burning facilities. Although bulky and "white
goods" (like mattresses and large appliances) are separated for landfilling or
possible salvage, all other refuse is utilized in the furnace without processing.
Refuse derived fuel systems, however, attempt to remove all non-
combustibles in a process that turns refuse into a uniform fuel in order to
promote better furnace and boiler operation. Both processes are used for large
capacity (400 - 2000 tons per day) and small scale (usually less than about 400
tons per day) operations. Together they account for 90% of the installed and
21Robinson, William D., Ed., The Solid Waste Handbook, John Wiley and Sons, New York,
1986, p. 570.
planned incineration capacity.22 Figures 2.5 and 2.6 show a cross sections of
typical mass burning and RDF facilities.
Figure 2.6: Cross Section of a Typical Refuse Derived Fuel Boiler 23
II. Furnace Types and Configuration
The type of furnace and its configuration are two other important
characteristics of municipal solid waste combustion equipment. Three
different component designs dominate the US market: refractory lined,
waterwall, and rotary. 24
Refractory lined furnaces use a refractory or heat resistant lining inside
the combustion chamber to resist the extreme heat of the fireball during
22US Congress, Office of Technology Assessment, Facing America's Trash: What's Next For
Municipal Solid Waste?, US Government Printing Office, Washington, DC, October 1989, p.
217.
23Courtesy of Babcock and Wilcox, from Gershman, Bickner, and Bratton, Inc., Small Scale
Municipal Solid Waste Energy Recovery Systems, Van Nostrand Reinhold, New York, 1986, p.
57.
24Gershman, Bickner, and Bratton, Inc., Small Scale Municipal Solid Waste Energy Recovery
Systems, Van Nostrand Reinhold, New York, 1986.
operation, as well as to protect the metal outside shell and superstructure
from warpage associated with rapid temperature swings during startup and
shutdown. Many other furnaces, such those used in primary metals
processing, glass making, or ceramics, use this same type of lining. Figure 2.7
shows a section of a typical refractory lined combustion facility.
SHOT DISTRIBUTOR
Figure 2.7: Section View of Refractory Lined Combustion Facility 25
Waterwall furnaces are energy production facilities by design since they
cool the furnace using tubes of water that also provide heat recovery for
energy production. The actual waterwall is a water filled tube lining in the
firebox which serves to both keep the outside shell cool as well as to absorb
the fireball heat directly. This method is more efficient than that used by
refractory lined incinerators since it directly accesses the heat from
combustion. As an added advantage, this process requires less excess air
above stoichiometric requirements (the amount of air chemically required to
25Courtesy of Volund USA, from Gershman, Bickner, and Bratton, Inc., Small Scale Municipal
Solid Waste Energy Recovery Systems, Van Nostrand Reinhold, New York, 1986, p. 57.
CK
complete the reaction) than refractory lined units, which eliminates costs
since it allows downsizing many components including the air pollution
control equipment that is usually a significant part of the expense. Figure 2.8
shows a typical waterwall furnace and boiler.
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Figure 2.8: Section View of Typical Waterwall Combustion Facility 26
A proprietary hybrid of the cement kiln and the waterwall furnace
shown in Figure 2.9, called the O'Connor Combustor, after the vendor that
developed it, is becoming more commonly used throughout the US. It uses a
rotary water-cooled combustor, to volatilize and pyrolize the waste in starved-
air conditions, then completes combustion inside a waterwall lined post-
combustion chamber. The advantages of the rotary units are that they
provide a high degree of turbulent mixing action when the waste is inside the
rotating combustor, and they capture the heat losses that the refractory
furnaces lose. Unfortunately, they also are plagued by excursions (where
26Courtesy of Ogden-Martin Systems, Inc., from Gershman, Bickner, and Bratton, Inc., Small
Scale Municipal Solid Waste Energy Recovery Systems, Van Nostrand Reinhold, New York,
1986, p. 51.
combustion reaches abnormally high temperatures) that can lead to pollution
control problems due to additional formation of nitrogen oxides.
Stack
Separator
Scrubber
Figure 2.9: Section View of O'Connor Combustor27
III. Air Emission Control Apparatus
An important and expensive part of any new or existing combustion
device is the pollution control apparatus. All municipal solid waste
combustion facilities are required to abide by the air emissions requirements
set forth in the Clean Air Act, as well as local air emissions legislation and
policy. These mandates require the use of at least some sort of air pollution
control device for the removal of particulates and extra equipment for the
removal of acid gasses in the flue-gas stream. Many different types of
particulate removal devices are currently available on the market. Common
types include: dry electrostatic precipitators, fabric filters (also called
27Courtesy of O'Connor/Westinghouse, from Gershman, Bickner, and Bratton, Inc., Small Scale
Municipal Solid Waste Energy Recovery Systems, Van Nostrand Reinhold, New York, 1986, p.
54.
Waste Pit
)
baghouses), and granular filters. Of the three, baghouses are the most
effective particulate control technology, but do have operational limitations.28
System designers use two major types of gas cleaning equipment to
remove acid gasses from the combustion gas stream, wet scrubbers, and dry
scrubbers. These devices have become more important since the passage of
the Clean Air Act Amendments of 1990 since legislators demanded a 50%
reduction in sulfur dioxide emissions, an acid rain precursor, by the year 2000.
Wet scrubbers use a liquid to absorb the chemical pollutants from the
flue gas stream. These devices may also reduce particulate levels during acid
gas absorption, but usually not in the efficiency ranges gained by particulate
removal devices such as ESPs or baghouses. Alkaline reagents often
incorporated in the wet scrubber design can cause corrosion in the scrubber
and associated equipment, so fabrication from corrosion resistant materials is
often necessary. Evaporation, causing thick, white "smoke" from stacks, can
also present an appearance problem.
Dry scrubbers, currently the most effective acid gas reduction
equipment, atomize caustic slurries that become neutral calcium or sodium
salts (calcium sulfate, calcium chloride, sodium chloride) when they interact
with the waste-gas stream. These materials are later removed by particulate
control devices which collect the dried salt droplets. Since the process uses
much less water, no visible emissions exit the stack after scrubbing. 29
IV. Revenue Streams
Five basic sources of revenue are commonly available to resource
recovery operations: tipping fees, electricity sales, steam sales, refuse derived
fuel sales, and material recovered from presorting or ash. If the facility is
located in a central location, avoided costs of transportation provide another
important, but easily overlooked, component of the plant's apparent revenue
stream. The optimum mix of revenue, based on the location of customers,
will usually determine a suitable location for the facility as well as the
optimum facility design. Some sites can offer a market for steam and
electricity, although most plants don't have access to reliable long-term steam
markets.
28Niessen, Walter R., "Resource Recovery: Air Pollutant Emission and Control", The Solid
Waste Handbook, William D. Robinson, Ed., John Wiley and Sons, New York, 1986.
29Niessen, Walter R., "Resource Recovery: Air Pollutant Emission and Control", The Solid
Waste Handbook, William D. Robinson, Ed., John Wiley and Sons, New York, 1986.
V. Costs
The unique mix of characteristics that a particular site offers determine
plant cost. Some locations may be less suitable for a particular technology due
to political or legal requirements; others may have prohibitively large land
costs; while others may not have access to enough waste to warrant a plant of
sufficient scale to pay back minimum investments.
The average capital costs of waste combustion plants, given in Table
2.2, have risen during the last two decades due to the increasing level of
emission controls required by federal, state, and local authorities.
Average
Facility Start- Number of Facilities Capital Costs
Technology Up Period in Sample Per Design Ton
Modular 1975- 1982 21 $35,900
1983 - 1993 27 72,300
Mass Burn 1964- 1982 8 21,300
1983- 1994 83 114,000
RDF 1970- 1982 5 75,100
1983- 1994 17 101,900
Table 2.2: Capital Costs of Waste Combustion Plants30
2.2.2. Factors Encouraging Waste Combustion
The EPA, encouraged by the Bush administration's National Energy
Strategy, outlined its plan for dealing with municipal solid waste in the
national waste policy document "The Solid Waste Dilemma: An Agenda for
Action" (February, 1989). The agency endorses an integrated solid waste
management plan for waste management purposes that commits EPA to
what the report calls the "complementary use of a variety of waste
management practices." Waste combustion with energy recovery is an
integral and necessary part of the system (see Chapter 3). 31
Waste combustion is driven by cost considerations. The costs
associated with landfilling (and other alternatives) have risen steadily in
30Kiser, Jonathan V. L., "A Comprehensive Report on The Status of Municipal Waste
Combustion", Waste Age, National Solid Wastes Management Association, Washington, DC,
November, 1990, pp. 100 - 159.
31Lowrance, Sylvia K., Municipal Solid Waste Crisis: Hearing Before the 101st Congress,
(Prepared Testimony in House of Representatives), US Government Printing Office,
Washington, DC, June 1989, p. 63.
many markets, notably in the Northeast. Tipping fees for traditional
landfilling have risen in many areas due to the controversies surrounding
siting of new solid waste management facilities of any kind. New regulations
in place that require more stringent landfill design and construction
standards as well as monitoring and financial responsibility have raised the
cost of landfilling considerably, helping to increase the attractiveness of
combustion. Also, many different types of energy recovery from the
municipal solid waste add to the revenue stream that the plants can earn
which helps to offset the plant's capital cost. Finally, building plants closer to
urban areas cuts transportation costs that account for approximately two-
thirds of the costs of waste disposal.
Resource recovery projects also foster inner-city renewal, providing
construction jobs, a larger tax base, and other sources of revenue for the
community. These complex projects also provide employment for a variety
of individuals and contracts for many service companies. Also, the plants can
provide clean energy services, especially steam, to various businesses at lower
costs than they can provide them in-house, thus helping industry remain
competitive.)• The Public Utilities Regulatory Policy Act serves to guarantee that the
waste combustion plant will have a market for at least one energy service:
electricity. The act not only encourages the highest and best use of waste as a
resource, but has given new incentives for technology exploitation because
the government has guaranteed a market through legislation.
2.2.3. Factors Discouraging Waste Combustion
Resource recovery plants are subject to a large (and growing) set of legal
requirements. These requirements tend to keep smaller, less financially
backed firms out of the market. Also, the regulations serve as a barrier to
entry since new entrants must make significant investments to interact with
the federal, state, and local authorities that have jurisdiction over resource
recovery facility operations. Three federal acts provide the most significant
national legal impact on waste combustion facilities: the Clean Air Act and
its various amendments, the Clean Water Act, and the Resource Recovery
and Conservation Acts. The Comprehensive Environmental Restoration,
Cleanup, and Liability Act better known as the Superfund legislation, and The
Safe Drinking Water Act (see Chapter 3), are less significant, but nonetheless
important to waste combustion facilities.
Siting is a very important consideration for waste to energy plants and
can affect the economics of the plant significantly. Since steam sales are the
most lucrative source of revenue for the plants, it is in an owner's best
interest to attempt to locate near a steam customer that can purchase steam
year-round. However, the NIMBY problem serves to limit acceptable sites. It
has derailed many projects in the past, and is likely continue to do so in the
future,32 even though a Cambridge Reports public opinion survey indicates
that public acceptance of the waste-to-energy option is rising.33
The nature of combustion ash and its safety are the subject of
controversy in many siting disputes. The industry claims that the ash from
modern combustion processes is not harmful, and in fact is useful for asphalt,
construction blocks, and landfill cover. However, many groups, especially
environmentalists, are not satisfied that the toxins and heavy metals in the
ash can be kept from the environment once disposed of.34
Air emissions also are a source of contention between industry and
environmental groups. Chemical and metal emissions such as particulates,
oxides of sulfur and nitrogen, halogen acids, carbon monoxide, dioxins, lead,
mercury, arsenic, chromium, and cadmium are all produced by waste
combustion. The EPA and industry maintain that emissions are safe and
pose little health risk, but again environmental groups and others are not
convinced. 35
2.3. Recycling and Composting
Recycling and composting are newly rediscovered but ancient forms of
solid waste management. Recycling was always practiced in the US by the
private sector; in fact it was very successful during WWII when Americans
saved aluminum foil and other metals for the war effort.36 Composting has
32Berenyi, Eileen, and Robert N. Gould, "The Outlook for Resource Recovery Through The
1990s", Waste Age, August, 1991, pp. 103 - 108.
33Byers, Edward, "Now Entering The Age of NIMBY?", Waste Age, National Solid Wastes
Management Association, Washington, DC, January, 1990,pp. 36 - 38.
34Murphy, Patrick, Amy Perry, and Ann Wilcox, Still Smoking: Massachusetts' Overreliance
on Trash Incineration, Massachusetts Public Interest Research Group, Boston, September, 1991.
35Slatalla, Michelle, "The Debate Over Danger", Rush to Burn, Island Press, Washington,
DC, 1989, Chapter 7.36US Congress, Office of Technology Assessment, Facing America's Trash: What's Next For
Municipal Solid Waste?, US Government Printing Office, Washington, DC, October 1989.
also been practiced for many years in backyards and on farms, but only now is
becoming a more prevalent strategy for municipal solid waste management.37
The recycling and composting market is driven by typical public
sentiments that landfills are overflowing with materials and they should do
something to stem the rising garbage tide; or, that society should be more
frugal with its raw materials and the environmental transgressions associated
with their extraction and processing. By popular demand, lawmakers have
recently introduced and enacted many different regulations designed at
removing recyclables and compostables from landfill and incinerators.38
2.3.1. Recycling
Recycling in the post consumer market really gained importance in the
1970s when a series of events led to the environmental awareness of Earth
Day and important legislative acts such as The Clean Air Act, The Clean
Water Act, RCRA, and later The Superfund Amendments. The EPA study
Choices For Conservation, released in 1979, suggested that material uses in the
US were inefficient for many reasons, and that through incentives for
efficient material usage and policies of reuse the country could reap overall
savings and a large net economic gain.39
During the 1980s, recyclers felt there was gold in garbage, and that it
could provide energy, fight pollution and inflation, create jobs, and increase
materials availability. Engineers met the recovery challenge with massive
and expensive technology used to either retrieve materials from the waste
stream or burn part of it for its heat content.40
During the 1990s, recycling will come directly to households, who
according to the EPA, produce about half to two thirds of the municipal solid
waste in an average area. In fact, curbside recycling increased by 49 percent in
1989 and 79 percent in 1990. By the end of 1990, every state but Alaska and
Delaware had at least one curbside recycling program.41
37Glenn, Jim, and David Riggle, "The State of Garbage in America", BioCycle, April 1991,
p. 31 -38.
, "How to Throw Things Away', The Economist, April 13, 1991, pp. 17 - 22.
39Resource Conservation Committee, Choices For Conservation, US Environmental Protection
Agency, Washington, DC, July 1979.
40Lieberman, Calvin, "The Recycling Challenge To Engineers: Interesting, Provocative, and
Precarious", Proceedings of the 1990 National Waste Processing Conference, •_mnerican Society of
Mechanical Engineers, New York, 1990, pp. 95 - 115.
41Glenn, Jim, and David Riggle, "The State of Garbage in America", BioCycle, April 1991,
pp. 31-38.
I. Benefits of Recycling
Recycling, like all upstream technologies, has diffused benefits that
accrue to society rather than directly to the recycler. Any comprehensive
assessment or comparison of management practices should consider these
benefits even though they are very difficult to quantify.
The net social costs and benefits of recycling for Massachusetts were
estimated in a 1991 study by two MIT researchers. They concluded that the
social cost was the sum of the revenues from recyclables, the avoided
subsidies for virgin materials, and the avoided cost of other disposal means,
minus the cost of collection, separation and marketing. Following this
method, the authors concluded that even though the net recycling revenues
were negative (the cost of recycling was $86 per ton while the revenue was
only $49 per ton), society would benefit overall from recycling by $231 per
ton. 42
Table 2.3 below provides an estimate of the direct benefits from
recycling different materials. Other benefits often cited from the use of
recycling are a decreased reliance on imported metals such as aluminum and
tin; promotion of new industries that provide new jobs; and increasing the
consumer awareness of the solid waste problem.
Environmental Benefit Aluminum Steel Paper Glass
Reduction of Energy Use 90 - 97% 47- 74% 23 - 74% 4- 32%
Reduction of Air Pollution 95% 85% 74% 20%
Reduction of Water Pollution 97% 76% 35% -
Reduction of Mining Wastes - 97% - 80%
Reduction of Water Use - 41% 58% 50%
Table 2.3: Environmental Benefits From Recovered Material Reuse43
However, some experts have challenged the claims made by
proponents. For example, in the paper market, most of the virgin newsprint
consumed in the US comes from Canada where clean, renewable
hydroelectric power drives pulping plants. If recycled paper were reprocessed
42Stone, Robert F., and Nicholas A. Ashford, Package Deal: The Economic Impacts of Recycling
Standards for Packaging in Massachusetts, Center for Technology, Policy, and Industrial
Development, Massachusetts Institute of Technology, Cambridge, MA March, 1991.
43Letcher, Robert Cowles, and Mary T. Sheil, "Source Separation and Citizen Recycling",
The Solid Waste Handbook, William D. Robinson, Ed., John Wiley, New York, 1986, Table
10.1, p. 220.
in the US, the energy would most likely come from fossil fuel powered
generators that would, on balance, tend to use up energy stores and produce
more air pollution. 44
II. Recycling Programs
A typical recycling program consists of collection, sorting, and
marketing materials. The first priority for any materials recycling program
should always be to establish the existence of a suitable market for the
collected materials. A survey of municipal recycling coordinators in April of
1990 showed that of all factors necessary for the development of a successful
recycling program, the most important is finding markets.45 Unless a market
exists that will be able to purchase the collected material over the long term,
the program's efficiency, and ability to save energy and resources, prevent air
pollution, or mitigate any other environmental problem could be
compromised.
Depending on local conditions, either curbside or dropoff centers are
used for collection. The regulator must know how much waste is available
for recycling and where the recyclable waste is located to decide between
methods. In addition, regulators should estimate the magnitude of the total
avoided costs, including collection and transportation, from program
implementation. In densely populated areas, curbside collection may be
profitable, while rural areas are usually better served by attended or
unattended dropoff centers. Once a program is in place, its managers should
continually measure effectiveness and strive for high levels of compliance
through education to maximize recyclables recovery.46
Theoretically, recycling can include many different materials, but in
practice only a few are commonly collected. Newsprint, aluminum,
container glass, metal cans, and a few grades of plastic are the most common
materials currently collected by recyclers directly. Many states also require
44Berss, Marcida, "'No One Wants To Shoot Snow White"', Forbes, October 14, 1991, pp. 40 -
42.
45Folz, David H., "Recycling Program Design, Management, and Participation: A National
Survey of Municipal Experience", Public Administration Review, American society for Public
Administration, Washington, DC, May/June, 1991, pp. 222 - 231.
46McMahon, Jim, "A Recycling Strategy For Anytown, USA", BioCycle, August 1991, pp. 72 -) 74.
recycling of other materials and products such as used oil, scrap metal, copper,
brass, and batteries. 47
Curbside recycling makes economic sense in may locales because
avoided costs of landfilling can lead to large savings. Since the cost of tipping
fees has risen to as much as $100 per ton of waste, programs that cannot turn
profits still are cost effective. A Massachusetts study estimated that the
average net direct cost of recycling is $37 per ton (not including avoided cost
savings), much cheaper than a $100 disposal fee. 48 Since a recycling program
is usually not self-sufficient, it is not a good investment for private waste
management firms without subsidies from users. Thus, industry is
unwilling to embrace recycling programs even though they are likely to be
much better options for society than other means of waste management.
Since the output of recycling is a product or material while the input is
usually a mixture, recyclers must sort wastes. Recyclers can sort one of two
ways, either at the curbside, or at a central facility designed for sorting called a
materials recovery facility (MRF). Areas that choose dropoff service usually
require the user to sort the materials into separate containers.
The number of MRFs in the US doubled in both 1988 and 1989, then
continued to increase throughout 1990 paralleling the increases in curbside
collection programs. About half of MRFs in the US are highly mechanized
while the remainder utilize low-tech labor intensive hand sorting processes.
Most facilities process cans, glass, newspaper, and plastic, although the
average number of different materials processed by each facility is constantly
increasing.
47US Environmental Protection Agency, Recycling Works, Office of Solid Waste, US
Environmental Protection Agency, Washington, DC, January, 1989.
48Stone, Robert F., and Nicholas A. Ashford, Package Deal: The Economzc Impacts of Recycling
Standards for Packaging in Massachusetts, Center for Technology, Policy, and Industrial
Development, Massachusetts Institute of Technology, Cambridge, MA March, 1991, cost
summary p. ii.
Capital Cost Per Ton of Daily Capacity
Average Capital Cost Average Capital Cost
Capacity for Operational MRFs for Planned MRFs
25 tpd and less $20,525 -
50 tpd and less - $36,000
50 tpd to 100 tpd $30,966 $32,462
100 tpd and more $27,728 -
100 tpd to 200 tpd - $39,494
200 tpd and more - $29,940
All $27,767 $35,510
Table 2.4: Capital Cost Data For Material Recovery Facilities
Table 2.4 shows the average capital costs for operating facilities and
projected costs for facilities planned and under construction. Table 2.5 shows
the operating costs for functioning facilities as well as projected operating
costs for facilities planned and under construction. Table 2.4 figures reveal
that smaller facilities are sometimes less capital intensive than larger ones.
While this statistic may be counter-intuitive (larger plants should have
economies of scale), it is really logical since the smaller plants are less
sophisticated and mechanized than their larger counterparts. As expected,
operating costs are usually lower for larger more mechanized plants. 49
Operating Cost Per Ton
Capacity Operational Facilities Planned Facilities
100 tpd and less $52.85 $43.82
Over 100 tpd $39.69 $40.23
Table 2.5: Operating Cost Data For Materials Recovery Facilities
III. Problems With Recycling
The most serious problem facing the recycling industry today is the
failure of recycling promoters and government to provide stable markets for
many recycled goods. The recycling industry rapidly grew during the latter
1980s, but markets were not developed as quickly as the supply of available
materials increased in many recycling segments. Now, prices have dropped
precipitously in the pulp and paper industry in response to mandatory
recycling laws passed in states. If regulators continue to implement recycling
49Glenn, Jim, "Sorting the Mix at Material Recovery Facilities", BioCycle, July, 1991, pp. 30 -
35.
programs without markets, municipalities and taxpayers will be forced to
subsidize the process, perhaps unnecessarily, to keep established operations
running. 50
Recycling markets are not simply single markets for a single
commodity even within the different classifications of materials. The largest
constituent of the waste stream, paper, sells in many different post-consumer
forms corresponding to the many different recovered paper products
commonly recovered and traded. There are 49 grades of wastepaper and 31
other specialty grades of paper that trade in the scrap market.51 Plastics
markets also provide a good example. The $160 billion plastics industry
produces six different "standard" groups of plastic that the industry has
classified for general recycling purposes and a seventh that includes all other
plastics that are not applicable to the six primary groups. Even the primary
groups are not single monomers (one single chemical type), but include
additives for workability, color, rigidity, flow, and other characteristics
important to the plastics manufacturer. Market development is even more
difficult since there are many different groups of secondary materials even
within the EPA's broad classes.
Recyclers can use several strategies to develop stable markets. First,
they can band together to negotiate long-term contracts with buyers to ensure
a market and to provide a large, consistent supply of material. Government
can also mandate the use of recycled materials in common recycled products
such as newspapers to stimulate a market for the reprocessed materials. In
Texas, a mandatory recycled content law is directly responsible for at least one
multi-million dollar recycled paper processing plant.52
Eventually, markets will develop on their own if secondary materials
become a dependable enough resource to attract industry to make
investments in scrap-dependent plants. Evidently Alcoa is already
anticipating the availability of more scrap aluminum since the company
plans to add only scrap dependant facilities to account for future capacity
needs. In Alcoa's case, the motive for scrap use is not completely
50McDermott, Jean, "Does Recycling Pay?", Technology Review, Cambridge, MA,
November/December, 1989, p. 13.
51Kovacs, William L., "The Coming Era of Conservation and Industrial Utilization of
Recyclable Materials", Ecology Law Quarterly, Volume 15, Number 4, 1988, p. 597.
52powers, Mary Buckner, "Paper Business is Turning Green", Engineering News Record,
December 16, 1991, p. 45.
environmental or related to anticipation of future markets - a scrap
dependant plant also costs one-tenth the cost of a conventional plant and is
built in half the time.53
Another important issue for recyclers is the problem of matching costs
and benefits. Since the benefits of recycling are very diffused, it is unclear
how to best encourage households to participate in the program. Recycling
will directly benefit them very little, but it could return large dividends to
society overall (see Chapter 4).
One method for rewarding recyclers, called "bottle bills" in the popular
press, offers refunds for containers such as bottles and cans to stimulate their
return. Although a study by the Container Recycling Institute has shown that
bottle and can debris is demonstrably less in states with return legislation, the
practice may not be the best method for recycling the materials. A study for
the National Soft Drink Association found that curbside collection costs for
recyclables averaged about $87 per ton, while deposit legislation cost $629 per
ton, indicating that recycling containers through deposits costs nearly an
order of magnitude more than the curbside approach. Additionally, the
curbside program could collect seven times more material than deposit
programs.54
Another direct method is to provide collection incentives, such as
rebates or payments, to the households that recycle. These can be facilitated by
bar-coding and other automated means that are linked to a government run
incentive program. A Minnesota incentive program, monitored by bar-codes
on recycling containers, keeps track recycling participation rates. Households
that participate in recycling at least three times a quarter, have lower refuse
collection bills. The strategy effectively doubled recycling rates from 40 to 80
percent.55
A final issue that may prove to be both difficult and important to
recyclers is the problem of inconsistencies in the measures and specifications
used to monitor and predict recycling. Three measures describe recycling
performance: recycling or diversion rate, participation rate, and cost per ton.
Resource Recycling's Bottle/Can Recycling Update, "National Container Deposit Law
News", Resource Recycling, Portland, Oregon, July, 1991.
54Resource Recycling's Bottle/Can Recycling Update, "National Container Deposit Law
News", Resource Recycling, Portland, Oregon, July, 1991.
55Wysopal, Willy, "Economic Incentives Improve Voluntary Efforts", BioCycle, June, 1989, pp.
32-33.
Recycling rate, the ratio of recycled mass of waste to total mass of waste, rarely
conveys useful information since it doesn't provide information about the
extent of recyclable materials captured from the waste stream, or the waste
stream composition. Furthermore, since municipalities add different classes
of wastes into their estimates of total waste (assuming they even keep records
of waste at all) the reported impact of recycling varies - so the data is
inconsistent and thus can be unreliable. Consequently, facilities are
sometimes planned on the basis of faulty and misleading information which
can lead to unrealistic expectations from owners and quite possibly a soured
reputation for recycling as a solid waste management method. 56
Participation rate is also used for estimating how much of the
population is actually involved in recycling. It was developed to measure
program effectiveness. However, participation rate data is also an unreliable
type of standard since there are no established amount and frequency criteria
used to define participation. A more effective measure would include the
amount of each recyclable material left in the waste stream.
Recycling costs can be misleading as well. Consultants often include
avoided costs in the data presented to decision makers when substantiating
the construction and operation of a recycling facility. Although this is
appropriate for some comparisons, presenting the avoided costs from
recycling as direct savings can be misleading. For example, even though
some avoided costs from landfilling or waste combustion are direct savings
for society, indirect savings such as avoided subsidies (virgin materials, tax
incentives, and so on) or avoided environmental effects, do not pay real
currency to the municipality, and therefore cannot be considered for
budgeting or other hard cost calculations.
2.3.2. Composting
Composting is rapidly increasing as a primary means of waste
management since it complements the waste management programs of many
areas. However, only an extremely small portion of the municipal solid
waste generated in the US every year is composted, although sewage sludge
composting has been practiced intensively for over a decade. In 1990 there
were 1,400 yard waste composting facilities in 44 states, up more than 43
56Goldman, Matthew, "What Do Those Numbers Mean?",Waste Age, National Solid Wastes
Management Association, Washington, DC, February, 1991,pp. 53 - 56.
percent from 1989. Although at the end of 1990 there were only 13 operating
municipal solid waste composting facilities, 72 new projects under
consideration. 57
Composting has remained virtually unused as a method of municipal
waste management in the US and Europe largely because the current market
for compost was small and other waste management modes were less
expensive. The ready availability of cheap artificial fertilizers that provide
guaranteed, easy to use soil fertility tends to keep demand low. However,
today composting is more viable since the public often opposes landfilling
and waste combustion, the cost of all waste disposal methods continues to
increase, and supply in markets for recyclables that are also compostable (such
as paper) frequently overloads demand.5 8 Furthermore, the cost of meeting
peak disposal requirements, primarily due to the addition of yard and lawn
wastes in the summer growing months, is prohibitively expensive for waste
combustion, and not applicable for recycling.
The potential market for compost is large, considering potted plants
grown in organic soils make up 60 percent of the $4.7 billion nursery and
greenhouse industry's total sales. Also, field-grown shrubs and trees require
250 tons of soil every year, not including the amount needed for sod growing.
The demand for plants, shrubs, and trees far exceeds the available supply, so
growers cannot afford to grow their own soil amendments, such as manure
crops, to replenish the fraction of soil humus removed during harvesting.
Compost can provide needed organics to make good quality soil for these
businesses. 59
I. Composting Process
Any biodegradable substance is compostable including yard wastes,
food wastes, paper, and wood. These, according to Franklin Associates, make
up more than 65 percent of the waste stream.60 Other materials such as
metals, glass, rubber, leather, textiles, and plastics are not compostable.
57Glenn, Jim, and David Riggle, "The State of Garbage in America", BioCycle, April 1991,
pp. 31 -38.
"Williams, Todd 0., and Eliot Epstein, "Are There Markets For Compost?", Waste Age,
April, 1991,pp. 94 - 100.
5 Gouin, Francis R., "The Need for Compost Standards", BioCycle, August, 1991, pp. 44 - 47.
60Franklin Associates, Characterization of Municipal Solid Waste in the United States: 1990
Update, US EPA, Washington, DC, June 1990.
The compost that is derived from the aerobic decomposition of wastes
usually has value as a soil amendment. Even though it has little value as a
fertilizer, it does impart excellent physical properties to the soil such as
enhancing aggregation, improving porosity and aeration, decreasing crusting,
and improving water infiltration and retention. If properly performed
according to EPA requirements, composting will yield disease and seed free
soil material suitable for many planting uses.61
Composting involves four basic steps: preparation, digestion, curing,
and finishing. Preparation requires shredding, removing valuable materials
if present, and removing non-compostable inorganic components if
applicable. Digestion occurs in open rows, called windrows, or in closed
containers. In either case, the material is ground, moistened, and
reoxygenated periodically to ensure aerobic conditions, avoid foul odor, and
remove heat buildup during decomposition. The curing process takes from 2
weeks to several months depending on local conditions and facility operating
procedure. It is necessary to break down the remaining lignin and cellulose
after digestion is complete. Finishing is essentially preparing the compost for
the intended use by drying, grinding, or other processes.62
II. Composting Costs
Composting plant costs vary considerably with location. In an industry
survey, projected capital costs for new facilities ranged from $5,000 to $83,300
per ton per day of capacity, while operating costs ranged from $9 per ton to $85
per ton. Since every plant is so different in needs, design, and local
requirements, it is difficult to compare the plant costs on such a simplistic
level, and cost estimates should be used carefully and wisely.63
III. Composting Programs
Composting has been effective in many different locations. For
example, in Fairfield, Connecticut, a very successful "in vessel" enclosed
composting system that utilizes yard wastes and sewage sludge from the town
61Williams, Todd 0., and Eliot Epstein, "Are There Markets For Compost?", Waste Age,
National Solid Wastes Management Association, Washington, DC, April, 1991,pp. 94 - 100.
62Wilson, David C., Waste Management: Planning Evaluation, Technologies, Clareo don Press,
Oxford, 1981.
63Goldstein, Nora and Robert Spencer, "Solid Waste Composting in the United States",
BioCycle, November, 1990, pp. 46 - 50.
makes saleable soil for gardening. Local homeowners and businesses have
purchased all compost produced since the facility began operations in 1989.64
However, not every program has been as successful. In Dade County,
Florida, a $30 million mixed municipal solid waste composting facility, the
largest of its kind in the US, was shut down after only a year of operation.
The design of the plant, motivated by cost-cutting measures by the owner,
Agripost, Inc., allowed foul odors to escape almost as soon as the plant opened
in 1989. By January of 1991 the plant already had its zoning revoked, its dump
trucks repossessed, and had to lay off its entire staff. Citizen protests were the
most significant cause cited for the failure of the facility.65
Even with this failure, venture capital professionals have pointed to
composting as an industry that attracts both their attention and money for
several reasons: there is no clear industry leaders in the young growth
market; there are barriers to entry including technology, capital availability,
and market credibility; and the environmental risks from composting are
much lower than many other environmentally related services. Also,
companies see the potential for composting to remove large amounts of
waste from the waste stream, a factor that industry analysts say will be
responsible for strong future growth in the field.66
IV. Problems with Composting
A primary concern for the composting industry is setting standards for
the types and quality of compost. For markets to reach their full potential,
compost must become a commodity that has standard and reliable integrity
and content. This will require the compost industry participants and buyers
to agree on the determinants of quality as well as the methods for its
numerical measure. Also, a government or industry group must police firms
and enforce standards to give the industry a reputation for quality and
consistency. If not, the industry may never attract large customers such as
horticultural growers to develop large, stable, and profitable markets. 67
Another problem facing the composting industry is the recent
challenge to the practice of mixed municipal solid waste composting practices.
64Simon, Ruth, "The Whole Earth Compost Pile?", Forbes, May 28, 1990, pp. 136 - 138.
65Pearl, Daniel, "Environment: Neighborhoods Resist Recycling Plans", Wall Street Journal,
October 14, 1991.
66Bouck, Steven, "Why Venture Capitalists Invest in Composting", BioCycle, July, 1991, p. 57.
67Gouin, Francis R., "The Need for Compost Quality Standards", BioCycle, August, 1991, pp.
44 - 47.
Many environmental groups, including The Environmental Defense Fund
(EDF), The Environmental Action Fund (EAF), and Massachusetts Public
Interest Research Group (MassPIRG), either caution or denounce the practice
as uneconomical, unhealthy, and environmentally damaging. EDF also cites
problems associated with remnants of non-biodegradable materials in the
compost that act to compromise its quality. However, most of the detractors
do concur that clean organic materials, not available for recycling into higher
uses, should be composted. 68
2.4. Waste Minimization and Prevention
Perhaps the most preferable but most difficult to implement waste
management technique is waste minimization. The idea has received much
praise, but little serious attention through the 1980s, partly because the federal
government largely ignored the municipal solid waste problems of the
country while it focussed on other issues such as hazardous wastes. Society
has largely ignored the problems associated with municipal solid wastes as
well, which has also tended to hinder the implementation of waste
minimization because public participation and support is vital to any
successful waste minimization program.
There are two basic goals associated with the practice of municipal solid
waste minimization: quantity reduction and toxicity reduction. Quantity
reduction is aimed at all materials in the waste stream, while toxicity
reductions target specific products and materials that produce the greatest
risks to human health and the environment during the waste management
process.
The practice of waste minimization is very difficult to encourage
through regulatory means since the decision to produce less waste is a basic
production oriented one whose costs are only partly paid by the producer.
The problem can be illustrated by examining the production process. There
are two different levels of manufacturing waste: the production facility wastes
and the wastes associated with the distribution, sale, or use of the product or
material. Scrap markets classify these wastes more formally into three
categories: "home scrap" which is both produced and reused at the
manufacturing facility; "prompt industrial scrap" produced by an
68Spencer, Robert, "Mixed MSW Composting Gets Environmental Scrutiny", BioCycle, May,
1991, pp. 40 - 42.
intermediate processing facility in the production value chain and returned
directly to the primary production facility for reuse; and "old scrap," also
called post-consumer scrap, produced by the product's final consumer.69
Industries benefit directly from minimizing the generation of home
and prompt industrial scrap since wasting these causes direct costs in the
production process. Old scrap affects the production process differently
because it is only one necessary component that is purchased by the producer
and supplied with a particular product. The benefits and costs associated with
disposing of or reclaiming the old scrap is do not directly relate to the
production decision that creates it.
If the cost of the disposal of the waste is small to individuals, and
doesn't enter their disposal decision either, society loses the benefit from
reclaiming the product or material. Although inconsequential for
individuals, the problem is much larger for society because the total impact
can be very large. To allocate resources more efficiently in the market, the
costs and benefits from waste minimization at the consumer's level should
be directly linked to the production decision. However, most practical
methods of linking these costs and benefits do so only indirectly.
Three generic strategies aimed at source reduction include public
education, financial disincentives or incentives, and product bans.
Educational campaigns focus on all segments of the population and can be the
most cost-effective measure for source reduction. Education programs target
all age groups, from grade-school students who learn the benefits of source
reduction, to adult consumers who learn to "precycle" or make
environmentally sound decisions when purchasing by avoiding
overpackaged items and disposables. Financial disincentives/incentives,
such as refundable and non-refundable fees on certain products and their
packages serve as incentives to change purchasing behavior. Bans, usually
from the disposal system, target materials and products that are difficult to
manage or recycle. They are intended to force generators to reduce their
output of these wastes.
69US Congress, Office of Technology Assessment, Facing America's Trash: What's Next For
Municipal Solid Waste?, US Government Printing Office, Washington, DC, October 1989.
2.4.1. Waste Minimization Successes
Waste minimization can occur at both the consumer and the
manufacturer level. The consumer has more limited options for waste
reduction than businesses because there are only limited immediate prospects
for household volume reduction. One author found that the few realistic
waste minimization options that were available to homeowners all involved
behavior modifications or lifestyle changes. The most consequential
strategies noted were: buying in bulk, reusing containers, not using paper
towels or paper napkins, repairing all durable goods, and buying fewer
disposable goods. 70
One direct reduction strategy that was particularly successful began in
Plano, Texas, a suburb of Dallas, where homeowners were encouraged to
leave lawn clippings on their lawns by the town and a turf-grass specialist.
The strategy helped to reduce the summertime waste surge associated with
yard wastes, and has reduced the amount of waste going to the landfill by 13
percent since 1980. The 17,000 home town saves over $100,000 every year in
grass removal and disposal costs alone. Promoters stress the agronomic value
of the clippings for feeding the lawn and provide bi-annual seminars for
public education about lawn care. Since 1980 the idea has spread to other
states. Proponents say that the program will eventually be accepted as a public
service everywhere since it makes good sense both for the community as well
as the homeowner.
Indirect reduction strategies, aimed at connecting the costs of old scrap
to the actual production decision, are more promising as a true waste
reduction method. The practice, described by the umbrella term "green-
consumerism," is becoming fashionable in Europe, Canada, Japan, and the
US. Germany, perhaps the nation most committed to the greening
movement so far, created a national environmental seal, the Blue Angel, that
has been in use since 1978. The country also switched to refillable beverage
containers after the Environmental Minister urged their use in 1989.71
In December 1991, a new executive order from the German Cabinet
requires industry to accept packaging waste from customers after purchases.
70Coppock, Jane, "Prospects For Waste Reduction", BioCycle, August, 1991, pp. 70 - 71.
71Sudol, Frank J., "German Waste Reduction and Green Consumerism: Is It the Answer?",
Public Management, November, 1990, pp. 12 - 14.
The new law will eventually require stores to take any package back from
customers, including bags, boxes, bottles, or cans - whether refillable, reusable,
valuable or not - thus keeping them entirely out of the municipal waste
stream. The intent of the measure is to force the private sector to quickly
agree on and implement reusable types of packaging. Regulators targeted
retailers for the implementation of the program since they decide which
products are stocked and sold in stores. To avoid the new obligations,
retailers can opt to participate in the new state-wide recycling programs.72
The German government stresses minimization at companies since
they may have the easiest job of reducing large amounts of wastes.
McDonalds, responding to environmental and other criticisms throughout
1989 and 1990, has begun to minimize waste by producing thinner and lighter
packages, as well as recycling foam boxes and paper at a growing number of
locations. 73 Large appliance and consumer electronics companies such as
Whirlpool and General Electric are also beginning to design products for
disassembly to aid recycling. The idea is to use less composite materials,
adhesives, and "one-way" fasteners, so the product can be taken apart quickly
and sorted. At Whirlpool, Mach Gray, Vice President for Technology Services
says, "We see designing for disassembly as becoming the standard procedure
for all our products." 74
By far, most solid reduction initiatives are aimed at the reduction of
packaging wastes likely because there have been large gains made in their
reduction in the past, and because they are such an obvious source of waste.
Coffee packers have moved to a brick package technique that is 85 percent
lighter than the conventional tin can it replaces. 75 Proctor & Gamble has
taken an industry leading approach in the area of consumer goods,
redesigning many products to be less harmful to the environment. For
example, Crisco Oil bottles were redesigned to use 28 percent less plastic for
72Struve, Kirsten, "Packaging is Targeted For Waste Reduction", BioCycle, March, 1991, p.
45.
73 , "Mac Attacks", Macleans, September 17, 1990, p. 71.74Nussbaum, Bruce, "Built to Last - Until It's Time to Take it Apart", Business Week,
September 17, 1990, pp. 102 - 104.
75Rattray, Tom, "Source Reduction - An endangered species?", Resource Recycling, November,
1990, pp. 64 - 65.
the same size container. The company now uses recycled plastics in detergent
bottles, and has reduced packaging on disposable diapers was by 80 percent.76
2.4.2. The Future of Waste Minimization
Waste minimization is likely to be a very important determinant of
industry practices in the future in the same way quality control has been
throughout the last decade. As the Japanese have shown us, quality is not a
more expensive, difficult, and time consuming activity - on the contrary, it is
a necessary competitive practice which returns much more than it costs if
consistently designed into the manufacturing process.77 The same may prove
true for waste minimization and pollution reduction.
Hardin Tibbs, a consultant with Arthur D. Little, sees the opportunity
for environmental quality to be made cost effective through collaborative
groups of companies that can each benefit from the outputs of the other, in a
sort of industrial ecosystem. He points to the successes in Kalundborg, just
outside of Copenhagen, where an electric power generating plant, an oil
refinery, a plasterboard factory, cement producers, a sulfuric acid producer,
and a biotechnology company have created a prosperous ecology/economy.
He explains what he sees as the motivation for the change: "Perhaps the key
to creating industrial ecosystems is to reconceptualize waste as products."78
76 , "Waste Not Want Not", special advertising section, "Earth", Business Week, June
18, 1990, pp. 24 - 26.
77March, Artemis, A Note on Quality: The Views of Deming, Juran, and Crosby (Harvard
Business School Case 9-687-011), Harvard Business School, Boston, 1986.
78Schrage, Michael, "Green movement's challenge will be to show quality of ecology
design", Boston Globe, November 24, 1991.
Appendix 2.1: Assumptions for Michigan Landfill Cost Modell
The scenario assumed the following site conditions:
* Refuse area of a total of 80 acres;
* Property setbacks of 1500 feet (total property size is 560 acres);
* Dewatering a perched water table 4 feet below grade;
* Deep bedrock (unaffecting design);
* Flat terrain (maximum of 4 percent grade);
* Site is heavily wooded;
* Site contains 10 single acre homes;
* Five landowners hold remaining 550 acres;
* Paved country access road exists;
* No sanitary sewer in the area;
* Groundwater table at 31 feet below grade;
* Sand stratum from ground surface to 14 feet below grade;
* Clay stratum from 14 to 29 feet below grade.
The scenario assumed the following predevelopment costs over a five-
year predevelopment period:
* Site selection study;
* Site feasibility analysis;
* Market investigation;
* Engineering Design;
* Environmental Assessment;
* Legal services;
* Financial services;
* Community and government relations services;
* End-use planning;
* Land purchase options;
* Property/boundary survey and control;
* Aerial photogrammetry;
* Fees (county approval plan, license application fee, and so on).
The largest component of cost in predevelopment was the hydrogeologic
investigation which included:
* Soil borings (total of 35 in fill area until 85 feet below grade,
with sampling; and 25 shallow water monitoring wells);
* Groundwater monitoring wells (20 four-inch wells to 46 feet
below grade);
* Soil testing (70 test samples for moisture content, grain size,
USCS classification, Atterberg limits, modified Proctor
density, and triaxial permeability);
* Pump tests (to determine yield of water bearing strata)
1Walsh, James, "Sanitary Landfill Costs, Estimated", Waste Age, March, 1990, pp. 50 - 54, and Walsh,
James, "More on Sanitary Landfill Costs", Waste Age, April, 1990, pp. 289 - 292.
The scenario assumed the following construction costs for construction
occurring at one single time (although construction would likely occur over
many years in phases lasting three to six years each):
* Land purchase;
* Site development;
* Dewatering;
* Fill configuration;
* Fill volume;
* Bottom liner;
* Leachate management;
* Utilities;
* Gas management;
* Stormwater controls;
* Roadways;
* Buildings;
* Support facilities.
These costs excluded provisions for interest, taxes, bonding, or contingencies.
The scenario assumed the following operational costs for operational
as a 1000 ton per day landfill:
* Leachate management;
* Groundwater and gas monitoring;
* Services;
* Community services;
* Other operational costs;
The scenario assumed the following equipment would be needed:
Equipment or Number
Vehicle
Bulldozers 2
Compactor 1
Scrapers 2
Backhoe 1
Grader 1
Sweeper 1
Front-End Loader 1
Water Wagon 1
Tractor Mower 1
Pickup Trucks 3
Total 14
The scenario assumed the following personnel would be needed:
Title Number
Administrator 1
Operations Manager 1
Supervisor/ Foreman 1
Engineer 1
Technician 1
Salesperson 1
Government Liaison Officer 1
Safety/Personnel 1
Waste Approval Coordinator 1
Secretaries /Receptionists 2
Accountant/Bookkeeper 1
Check Station Clerk 1
Laborers/Spotters 4
Equipment Operators 7
Total 24
The scenario assumed the following closure and post-closure costs:
* Final cover/cap;
* Gas venting;
* Leachate management;
* Groundwater and gas monitoring;
* Maintenance of environmental facilities;
* Other closure activities.
Appendix 2.2: Landfill Breakeven Costs
Revenues Row Description
$ 31,437,203 Net present value (NPV) of costs and revenues discounted at 10%
Yearly development costs of $1,452,000
$ 31,322,015
1,452,000
1,452,000
1,452,000
1,452,000
5,104,286
4,005,000
4,005,000
5,104,286
4,005,000
4,005,000
5,104,286
4,005,000
4,005,000
5,104,286
4,005,000
4,005,000
5,104,286
4,005,000
4,005,000
5,104,286
4,005,000
4,005,000
5,104,286
4,005,000
4,005,000
6,457,000
184,000
184,000
184,000
184,000
184,000
184,000
184,000
184,000
184,000
184,000
184,000
184,000
184,000
184,000
184,000
184,000
184,000
184,000
184,000
184,000
184,000
184,000
184,000
184,000
184,000
184,000
184,000
184,000
184,000
184,000
Landfill operational; 1/7th of the construction plus operating costs
Next 1/7 of construction costs plus operating costs
Next 1/7 of construction costs plus operating costs
Next 1/7 of construction costs plus operating costs
Next 1/7 of construction costs plus operating costs
Next 1/7 of construction costs plus operating costs
Last 1/7 of construction costs plus operating costs
Last year of operation; closure costs
Post-closure maintenance
Payback tipping fee is approximately $11.20 per ton for 21 years. For more
information on assumptions see Appendix 2.1.
Year Costs
3,584,000
3,584,000
3,584,000
3,584,000
3,584,000
3,584,000
3,584,000
3,584,000
3,584,000
3,584,000
3,584,000
3,584,000
3,584,000
3,584,000
3,584,000
3,584,000
3,584,000
3,584,000
3,584,000
3,584,000
3,584,000
3,584,000
Notes:
$3.52 Million shown in revenues from:
320 working days x 1000 tons waste per day x $11.20 per ton fee
Discount rate assumed to be 10%
Seven three-year phases in construction of the landfill
Does not include taxes, insurance bonding, contingencies,
corporate overhead, remediation, or profit
3, Government's Role: Solid Waste Management Goals and Laws
The municipal solid waste management industry is inextricably tied to
government at every level. Municipalities arrange for their solid waste
management services, regulate the activities of the service providers, permit
their facilities and technologies, and monitor their outputs and inputs. In
short, nearly every facet of the municipal solid waste industry's business is
regulated or provided,by government. Therefore it is the direct influences of
government that determine the success, profitability, reliability, efficiency,
and strategy of the firms that participate in the $30 billion a year industry in
the US.
Regulation has provided the top waste companies with market power
reinforced by more stringent regulations. As Cheng showed, technology
affects the solid waste market very little compared to regulation.1 The policies
that drive regulations, and the laws passed to implement them are the
activities that shape the industry's future. Reflecting on the policy goals and
laws they have resulted in serves to reveal the direction of the industry and
hints at its future.
3.1. Solid Waste Management Policy Goals
The specific policy goals commonly discussed for solid waste
management can be broken into five basic groups: sustainability in materials
management, risk reduction, market utilization, reduction of the adversarial
nature of processes, and education. Each category contains a variety of
options for policy implementation. Although this taxonomy is by no means
an exhaustive listing, it does represent the major solid waste management
policy goals currently considered by policy makers and analysts.
To eschew a semantics problem, and to avoid confusion, the term
"policy" is not used here; instead, the more determinate term, "policy goal,"
represents the underlying social goal that any particular plan attempts to
address. Therefore, a policy goal is a broader concept than simply a specific
action by a regulatory agency (which is often called a "policy"), such as
standardizing guidelines for plastic product labelling; and it is a narrower
concept than a social goal (which is also often called a "policy"), such as
ensuring public health. Policy goals encompass groups of specific strategies,
1Cheng, Tai-Chin, The Solid Waste Management Industry, Thesis for Master of Science in
Management, Massachusetts Institute of Technology, Cambridge, Massachusetts, 1990.
or plans of action, that can be used to reach a social goal like cleanliness or
efficiency.
3.1.1. Sustainability and Materials Management
Sustainability criteria are becoming increasingly important in setting
policy goals (see Chapter 4). In essence, sustainability describes the practice of
the efficient utilization of resources in a manner so that current practices do
not result in the destruction and depletion of our limited environmental
assets or obviate economic growth and prosperity.2
Sustainable development arguments arose in response to the
perception that man had the potential to change his environment radically,
and was likely doing so on a global scale. Current practices in all industries
affect the environment much more drastically than historical interventions
into the natural ecosystem. Modern agriculture, mineral and resource
extraction, deforestation, emission of noxious and heat trapping gasses in the
atmosphere, burial of toxic and non-toxic wastes, among other things, serve
as good examples of man's rather unbridled exploitation of the environment.
Policy changes to more sustainable development paths can mitigate these
destructive growth processes. In this sense sustainability concepts redefine
the nature of economic growth to reflect a concern for the environmental
effects that unbridled growth can bring.
Resource over-exploitation, resulting from many practices including
the routine burial of valuable materials in landfills, is socially inefficient,
undesirable, and helps to undermine the carrying capacity of the natural
system. Leaders around the world have begun to reexamine the production
practices of industries, their uses of materials, as well as their ultimate
disposal practices in a more holistic manner. 3
Reconditioning the flow of resources in the economy has obvious
impacts on the municipal solid waste management system since addressing
sustainability problems requires regulators to hold users accountable for their
wastes rather than providing inefficient cleanup services after the fact.
Materials management approaches economically balance materials flows by
looking into industrial processes, following the paths that each discarded
2World Commission on Environment and Development (WCED), Our Common Future, Oxford
University Press, New York, 1987, see Chapter 2, "Towards Sustainable Development".
3US Congress, Office of Technology Assessment, Facing America's Trash: What's Next For
Municipal Solid Waste?, US Government Printing Office, Washington, DC, October 1989.
material or product takes throughout its life cycle, and determining how
production and use leads to the product's final disposition as a waste. Life-
cycle inefficiencies indicate inappropriate waste management practices.
A simple conclusion from sustainability and materials management
policy goals is that the most desirable method of solid waste management is
solid waste avoidance. Although legislators and the public often support the
idea, avoiding the generation of waste is often exceedingly demanding since it
may require changes in technology or processing, operational changes,
changes in feedstocks or raw materials, or behavior changes by the public.4
3.1.2. Risk Reduction
Risk reduction is a policy goal that has recently enjoyed national
attention since the Administrator of the EPA, William Reilly, proposed a
national debate regarding risk and priority setting for environmental policy
making in March of 1991. 5 Though difficult to implement, it has the
potential to help legislators achieve a cleaner environment based on a
rational methodology of ordering priorities.
As a policy goal, risk reduction is very useful since risk is pervasive
and can be an appropriate measure for choosing between particular options.
Unfortunately, risk is also a difficult measure to apply in the determination of
specific policy choices since absolute risk is not a quantity that can be assessed
absolutely. John Graham, Director of the Center for Risk Analysis at the
Harvard School of Public Health, warns: "Risk assessments, while useful,
cannot usually offer policy makers a high degree of precision." 6 Therefore,
they may not suffice for making judgements about the tradeoffs between
cherished values such as human life and the preservation of ecosystems.
These issues, especially at the margin, can only be resolved through debate
and reliance on morals or values. However, relative risk assessments do
often sharpen the debate considerably.
Decision makers should use risk measurements with care, recognizing
that the public's perception of risks is often a confounding dimension of risk
reduction that cannot be ignored even if it doesn't appear scientifically
4US Congress, Office of Technology Assessment, From Pollution to Prevention, US Government
Printing Office, Washington, DC, June 1987.
5Reilly, William K., "Why I Propose a National Debate on Risk", EPA Journal, Office of
Communications and Public Affairs, Washington, DC, March/April 1991.
6Graham, John D., "Do We Know Enough to Take a Risk-Based Approach?", EPA Journal,
jOffice of Communications and Public Affairs, Washington, DC, March/April 1991, p. 37.
rational. In 1991, The EPA Science Advisory Board (SAB) reported that four
-, areas currently pose the most significant risks to society: ambient air
pollutants, worker exposure to chemicals, indoor pollution, and drinking
water pollutants. Clearly these are not the commonly cited risks associated
with hazardous waste dumps, or municipal waste incinerators.7
Society has a paradoxical view of risk - we routinely accept unnecessary
risks, and grossly exaggerate others. For example, nearly 30 percent of the
adult population of the US, many of them doctors, still smoke cigarettes even
though smoking related illness kills one out of five Americans, and causes
lung cancer. While seat belts reduce the risk of injury from auto accidents,
many rational people still refuse to wear them even though tests suggest that
40 to 50 percent of the people killed in auto accidents would live if they were
wearing seat belts during the crash. Despite this fact, only 5 to 10 percent of
the states had adopted mandatory seat belt laws in 1990.8
A logical, analytic decision maker may feel that the public mis-
perceives the actual risks that concern them since many apparent
contradictions in their private risk perception calculus exist. Although in
some cases, ignorance may provide explanations for this phenomena, in
>) many others the answer is that risk is not the only criteria used by individuals
in evaluating their well-being. For instance, the public will more readily
accept a risk under their control than a risk they cannot influence. The debate
surrounding saccharin provides a very salient example of the problem: even
though saccharin causes cancer in laboratory rats (there is a risk present), the
public was willing to accept the risks to keep the product available because
there were no substitutes and the perceived gains outweighed the losses. 9
If any risk comparisons are to help in policy making, they should serve
to sharpen the debate rather than resolve it, since limitations for rational
priority setting exist in practice, especially when the public plays a significant
part in the decision making process. Therefore only relative risk assessments
can reliably guide choices between implementation activities, and not
between broad policies. For instance, making the choice between sites for
solid waste management facilities is an ideal task for risk minimization
7Loehr, Raymond, "What Raised The Issue (of Risk)?", EPA Journal, Office of
Communications and Public Affairs, Washington, DC, March/April 1991.
8Lewis, H. W., Technological Risk, W. W. Norton, New York, 1990.
9Rhein, Reginald W., and Larry Marion, The Saccharin Controversy: A Guide for Consumers,
Monarch Press, New York, 1977.
-techniques. In contrast, the choice between two technologies for waste
oj management is not amenable to risk-based decision making methods since
the risks are clearly so different that direct comparisons cannot be made.
3.1.3. Harnessing Market Forces
Many traditional regulatory mechanisms don't attempt to utilize the
market to help efficiently allocate the costs of environmental protection and
restoration. If economic incentives existed, market forces would help to
provide cost effective methods for meeting our environmental goals. Many
regulators and economists feel that the use of this strategy is imperative to
overcome mounting environmental problems.10
This argument does not imply that regulators should leave the market
to its own devices to regulate environmental problems. Its proponents are
well aware of the callousness of the invisible hand and the external effects
that the market can provide. What it does suggest, however, is that reforms
of environmental regulations based on market based incentive structures
may meet public and social objectives, in every respect, better than the status
quo.
Traditional forms of regulation, such as standard-setting, don't provide
many of the incentives that are available when the market is used to
naturally allocate and minimize costs of compliance with social goals.
Standards only poorly promote the innovation necessary to minimize long
run costs since polluters are obliged only to apply the prescribed technology,
meet the number, and fight its increases in the legislature and courts.
Furthermore, firms that can exceed the standard, have no incentive to. Also,
the standard does not discriminate between firms that require relatively costly
and relatively cheap pollution prevention fixes. Efficiency dictates that those
firms that can most easily reduce their emissions should do so, while those
that require costly fixes should be willing to pay for part of these cheaper
reductions. 11
10Stavins, Robert N., Project 88: Harnessing Market Forces to Protect our Environment, a public
policy study sponsored by Senator Timothy Wirth, and Senator John Heinz, December 1988,
or, Teitenberg, Tom, Emissions Trading: An Exercise in Reforming Pollution Policy, Resources
for the Future, Washington, DC, 1985.
11Ackerman, Bruce A., and Richard B. Stewart, "Reforming Environmental Law: The
Democratic Case for Market Incentives", Columbia Journal of Environmental Law, Vol. 13, No.
S2, 1988.
Market methods allow many diffused decisions to be made at the level
where fundamental exchange activity is determined so that maximum gain
comes from least cost. Regulators, guided by the "polluter pays" credo, use
mechanisms such as taxes, fees, or tradeable permits, to connect the economic
costs of the environment explicitly to production and consumption decisions.
The market then becomes a force for, rather than against, environmental
change.
A curious difference between solid waste management and other
environmental areas is that for solid waste, market methods are primarily
intended to change public and government actions, rather than industry
actions. For individual homeowners, analysis suggests linking the costs of
waste management directly to the services to curb the public appetite for
increased solid waste management services. In government, market methods
suggest curtailing subsidies that serve to promote inefficient resource use
patterns which waste public resources while degrading the environment.
3.1.4. Reducing the Adversarial Processes
The adversarial process of decision making in the US today is a result
of two trends in the legal and social fabric: increased litigiousness and the
increased presence of public interest groups. These two trends have served to
magnify the public debate regarding the implementation of solutions to many
environmental problems, including the solid waste management issue.
The ability of our decision making process to accommodate differing
points of view, and to compromise on goals as well as the methods used to
reach them can be both pitfalls and virtues of the current US system.
Unfortunately, this open process is prone to misuse and abuse by groups that
employ the various checks and balances allowed in the courts, and other
public forums, for advancing specific policies, even if they seem to fly in the
face of aggregate gains to society. That is not to say that the process is bad, but
just that it is flawed in a way not easily reconciled because it challenges our
closely held belief in the basic freedoms of collective action as well as our
sense of the need to punish wrong-doers.
In society's zeal to punish reckless, negligent, and criminal actors, an
unwanted artifact may be both woven into our legal system and ossified in
modern mores: we may have encouraged costly and divisive legal
intimidation, retribution, and delay. The ideal decentralized enforcement
mechanism, using the courts to promote citizen protections and uphold civil
liberties, can be bent to serve the interests of a powerful or insistent few.12
In earlier decades, ordinary citizens realized that combined action could
be very successful, when movements culminated in legislation for civil rights
such as the Civil Rights Act of 1964, and anti-war protests spawned activist
groups who became noted for their extreme tactics such as demonstrations
and marches. Today, much of this activist spirit has been channeled into
confronting environmental issues. Armed with the legal power, and
proclaiming public protection, modern activist groups have changed the way
policies are implemented.'3
Several authors have begun to question whether or not the advocate
groups are, in practice, either adding to the process of enlightening the social
and scientific debate, or producing the most efficient and equitable social
outcomes. Advocacy groups, such as Greenpeace, have always provided their
own research and analysis of issues in science and public policy, but
sometimes these "unbiased" accounts of important and controversial issues
only provide part of the truth; they are often based on selective inattention to
all the facts.14
Adding to the controversy, Lowi suggests that the growing "interest
group liberalism" which has become an unavoidable part of many
controversial social decisions, does not yield an ideal result, or even one in
the public interest. The influence of interest groups may not produce a more
unbiased debate over the issues through the interaction of competing
interests - but rather an oligolopolistic interest pool that attacks a public
agency charged with a specialized task.15
In practice, the adversarial decision making process has produced
aberrations that don't serve the public interest at all. At the local level, the
process allows opposition groups to stop plans to implement solutions to
problems no matter how favorable the plan may be to society. A vocal group
of individuals, who stand to lose from a particular decision (the
12Olson, Walter K., The Litigation Explosion: What Happened When America Unleashed the
Lawsuit, Truman Talley Books, New York, 1991
13Kelley, G., More Action for a Change, Dembner Books, New York, 1987.
14Cherfas, Jeremy, "Greenpeace and Science: Oil and Water?", Science, March 16, 1990, pp.
1288- 1290.
15Lowi, Theodore J., The End of Liberalism: The Second Republic of the US, W. W. Norton,
New York, 1979, Chapter 3, "The New Public Philosophy: Interest Group Liberalism".
stakeholders), will frequently organize and enlist environmental group
support. Together, they appeal to the public's lack of trust for government
officials and scientific "experts" to motivate opposition for measures. The
public is sensitive to these issues because they have lost much of their faith in
the government's ability to effectively safeguard the environment effectively
due to the less than acceptable past performance. 16 This method of decision
making only adds to the ability of opponents to projects, policies, and siting
issues, to prevail through local, state, federal, and legal forums.17
On a regional or state level, adversarial processes lead to constant
challenges in the courts over the implementation of specific programs (like
the ban of an item in a landfill or the siting of a facility), and other issue
specific debates, that keep attention centered on the micro- rather than the
macro-issues that could produce the greatest efficiency gains.
Moreover, each group tends to regard the decision making process as a
zero-sum game, further galvanizing them into their positions and views.
Fortunately for them, the actual decision is really not a zero-sum game since
it does provide both of the groups with gains on many fronts, but neither has
a good feel for the types of gains that they can expect for the different mixes of
strategies that are available to them given the current state of the waste
management system. If the tradeoffs were available and understandable for
each group, the stakeholders might be able to bargain for the things that are
most important to them, and produce a more efficient and equitable system
in the process.
The real root of the problem is the inability to come to an acceptable
decision that serves the interests of all the stakeholders at the same time.
Each group has focussed the problem through their own set of beliefs, their
philosophical lens, which Garret Hardin has called a "filter of reality." 18 They
use the filter to organize and interpret the complexities associated with the
problem into a logical, coherent form that determines a course of action.
Neither point of view is necessarily wrong, just different. This problem
16McGee, Kelly D., "Overcoming 'NIMBY' in Municipal Waste Management Planning",
Municipal Solid Waste Management: Making Decisions in the Face of Uncertainty, Murray E.
Haight, Ed., University of Waterloo Press, Waterloo, Ontario, 1991.
170'hare, Michael, et. al., Facility Siting and Public Opposition, Van Nostrand Reinhold,
New York, 1983, Chapter 2, "The Traditional Siting Process".
18Hardin, Garret, Filters Against Folly: How to Survive Despite Economists, Ecologists, and the
Merely Eloquent, Viking Press, New York, 1985, Chapter 3, "Three Filters of Reality", pp. 15
- 25.
discourages decision making and implementation since opposing camps
challenge each other's proposals from their own philosophical perspective
rather than attempting to confront the issues on common ground. Therefore,
different groups of stakeholders, who cannot reconcile their philosophical
beliefs among themselves, end up unproductively challenging each other's
proposals from their own perspective rather than attempting to confront the
issues on common ground.
For solid waste management, the adversarial nature of solid waste
problems have important implications. In the Northeast, a majority of
residents polled in a National Solid Waste Management Association survey,
indicated that they would oppose the construction of either a landfill or a
waste combustion facility. 19 This tendency creates a significant obstacle for
waste management officials and the waste management industry.
Unfortunately, simply opposing a waste management mode in effect denies
the problem, which can only lead to increased costs associated with hasty,
poor, or otherwise inefficient waste management choices stemming from
inevitable disposal shortfalls.20
3.1.5. Education
Educating the public, as a matter of policy, is an effective motivator for
social and institutional change that has been successfully used for many years.
Government policymakers should not underestimate the power and the
capacity of the public - after all, a remarkably small amount of information
was responsible for the environmental "revolution" in the 1970s.
Information from "sentinels" such as Rachael Carson and Barry
Commoner educated the public and eventually precipitated legal and social
change. Carson's now famous book, Silent Spring,21 which traced the impacts
of pesticides such as DDT on wildlife, was responsible for setting the social
and political will in motion that resulted in the bans on several chemical
pesticides in 1972. Works like Commoner's The Closing Circle,22 that served to
introduce lay audiences to the science of ecology, also helped set the political
19National Solid Wastes Management Association (NSWMA), Public Attitudes Toward
Garbage Disposal, NSWMA, Washington, DC, November 1989.20US Congress, Office of Technolcgy Assessment, Facing America's Trash: What's Next For
Municipal Solid Waste?, US Goverunent Printing Office, Washington, DC, October 1989.
21Carson, Rachael, Silent Spring, Fawcett Publications, Greenwich, CT, 1962.
22Commoner, Barry, The Closing Circle: Nature, Man, And Technology, Knopf, New York,
1971.
stage for the policy entrepreneurs of the 1970s and 1980s who advocated
environmental values. 23
Education from the government must provide the public with the
means to evaluate the information needed to bring about the behavioral
changes that can result in overall social gain. Often both the causes and the
solutions to environmental problems are linked closely to education which
can be a large determinant of individual and social choice.
Environmental eduction should occur on every level. At the lower
levels (K through 12), basic knowledge about the environment can provide
the facts necessary for a good understanding of the environment and its
needs. At higher levels, education must not only provide facts. There must
be some conscious effort made to connect the science and its implications
with the policy needed to manage it.
Congress has recently acknowledged this need, and articulated it in the
Environmental Education Act of 1990, which is meant to "establish and
support a program of education on the environment, for students and
personnel working with students, through activities and schools, institutions
of higher education, and related educational activities, and to encourage post
secondary students to pursue careers related to the environment." 24 Specific
elements of the program include:
*General public education
*Elementary and secondary material development and
dissemination
*Public media materials development and dissemination
*Professional training programs, tele-conferences, and
workshops
*Promoting environmental careers
*Supply educational grants
*Provide college student/instructor internships
*Provide national awards for environmental education
Education is very important for the management of solid waste. To
make more efficient use of the waste stream, the public must participate in
23Kraft, Michael E., and Norman J. Vig, "Environmental Policy From the Seventies to the
Nineties: Continuity and Change, in Kraft, Michael E., and Norman J. Vig, Eds.,
Environmental Policy in the 1990s, Congressional Quarterly, Washington, DC, 1990.
24Lewis, Jack, and Marvin Zeldin, "A New Law With New Directions: Can EPA Keep The
Promise?", EPA Journal, EPA Office of Communications and Public Affairs, Washington, DC,
September/October 1991.
programs such as waste minimization, composting, and recycling. None of
these programs will be successful without help from eduction since the public
must perform upstream sorting for any significant amount of waste diversion
to occur.
A final, important component of the education process is to provide
mandatory information to help the public make better decisions. Right-to-
know campaigns, and laws requiring labelling can be especially effective in
generating support from the public. Requiring manufacturers to
acknowledge pollution, or waste, or any other effect on their product's label
can bring the pollution problem closer to the public.
3.2. The Legal Context of Solid Waste Management
Laws, regulations, and policies on solid wastes have evolved from
many sources and in response to many different influences. The hazardous
waste programs that have largely driven the environmental marketplace in
the last decade or so had a significant impact on solid waste policy. Air, water,
and surface pollution legislation have all added to the controls on solid
wastes.
3.2.1. Historical Solid Waste Management
Modern solid waste management in the US began in the 1940s when
New York City Mayor La Guardia, and Fresno, California Director of Public
Works Vincenz began to require sanitary landfilling me.-hods in their
jurisdictions. At the time, most large municipalities were simply disposing of
waste in open dumps. Uncontrolled burning was a common method of
volume reduction, rodent control, wind-blown litter control, and disease
control, and often was the source of smoke and foul odors.25 By contrast,
sanitary landfilling methods relied on the practice of covering the waste
quickly (within 24 hours) to eliminate the problems associated with open
dumps. The method was successful in large, health-conscious municipalities
that could afford it, but was not universally practiced.
During WWII, the Army Corps of Engineers, and the California
Department of Public Health along with several other progressive health
departments, proposed new strict standards for sanitary landfills. They
carried out campaigns to abolish open dumping and dump burning, but could
25Thcobanoglous, George, Solid Wastes, McGraw Hill, New York, 1977, Ch. 2.
not convince either states or municipalities to voluntarily adopt
comprehensive standards.
The dump problem was truly not recognized by the federal
government until the early 1960s when Congress passed legislation
specifically requiring the Administration to study landfill management. In
1965, Congress again responded to concerns over open dumping and other
prevalent, but environmentally unsound waste management practices, by
passing the first comprehensive solid waste management law; the modern
waste management industry was born.
3.2.2. Government Planning and Programs
The major government responses to solid waste can be broken down
into three generic categories based on source: Legislative, Administrative,
and state/local. The Congress is responsible for the federal legislation, the
EPA is responsible for the Administrative Rulemaking, and the state/local
governments are more or less autonomous as long as they abide by federal
and Administrative guidelines. Arguably in this arrangement, the states
have played the most significant role in the determination of solid waste
management practices throughout recent history.
I. Federal Legislation
The federal response to the problems associated with solid waste
management can be further broken into two groups: legislation dealing
directly with solid waste, and legislation indirectly affecting the management
of solid waste. Each group has impacted the way wastes are managed
differently (but significantly), so it is instructive to consider the effects of each.
A. Solid Waste Legislation
The first modern-day federal response to problems associated with
solid waste management was the passage of the Solid Waste Disposal Act
(SWDA) of 1965, which authorized modest technical assistance to
municipalities and promoted research into areas such as recycling, waste
processing, resource recovery, and residue disposal. It also provided for the
promulgation of guidelines for solid waste collection, transport, separation,
recovery, and disposal systems.
When the Johnson Administration studied the results of the
legislation, analysts began to realize that SWDA alone would not provide the
necessary impetus to induce states to implement satisfactory waste
management schemes on their own. As a result, the President demanded
that Congress amend the Act. His demand was subsequently met with the
passage of the Resource Recovery Act in 1970. The new Act instructed the
newly formed Environmental Protection Agency (EPA) to study the solid
waste problem intensively and comprehensively, supplied grants to begin
demonstration programs that would develop alternatives for solid waste
management, and encouraged various resource recovery programs rather
than land disposal.26
The EPA report, issued a few years later, presented detailed
information regarding the significance of past and present waste management
practices in the US. The authors concluded that significant materials and
energy savings could result from implementing resource recovery and source
reduction practices. Furthermore, the report drew new political and public
interest to a problem that the EPA said was a core ecological issue with public
health, economic, and political ramifications of significant proportions.
At the time, the National League of Cities/United States Conference of
Mayors was calling the solid waste issue a "crisis." Their report, which also
addressed the solid waste management issue, indicates that they foresaw solid
waste disposal capacity "running out" in almost half our cities by 1980.27
During the previous decade (1960 to 1970), there really was little impact
from the new federal role in the regulation of solid waste. Over the same
period, the amount of waste generated had increased 50 percent from 88
million to over 120 million tons per year.28 In response to this trend the
Resource Recovery Act of 1970 encouraged 48 states to adopt a state-wide solid
waste management scheme, and provided technical and financial assistance
for resource recovery and other disposal projects through the EPA. The
outcome of this policy was to promote more regulation, but in a disjointed
fashion since there were no common standards promulgated among states.
26Thcobanoglous, George, Solid Wastes, McGraw Hill, New York, 1977, Ch. 3.
27Rohrlich, George F., Solid Waste Management - Resource Conservation and Land
Protections" , Environmental Management: Economic and Social Dimensions, Thomas F.
Williams, Ed., Ballinger Publishing Co., Cambridge, MA, 1974.
28US Environmental Protection Agency, Characterization of Municipal Solid Waste in the United
States: 1990 Update, Report of the Municipal Solid Waste Task Force, Office of Solid Waste,
Washington, DC, June 1990, p 10.
In 1976, Congress amended the Solid Waste Disposal Act again, but by a
much more influential set of amendments called the Resource Conservation
and Recovery Act (RCRA) of 1976. The Act was a needed but hasty response
to the problems of solid and hazardous wastes. At the time, neither the
Congress nor the EPA realized the scope of the program that would inevitably
result from the Act, especially regarding hazardous wastes. 29
The RCRA legislation made notable progress in the area of solid waste:
it gave broad federal regulatory power to the EPA; it emphasized the use of
resource recovery, recycling, and waste-to-energy techniques; it mandated
procurement policies that would utilize more recycled and recovered
materials; it attempted to shift the burden of costs of landfilling to users; and
it established substantial research, development, and information
requirements on a variety of subjects such as the magnitude of waste
produced, the social, economic and environmental consequences of different
measures, and the appropriateness or fairness of taxes, fees, and other
regulatory mechanisms. What it did not do was to mandate federal standards
or provide a national policy for municipal waste.
Many authors assume that the RCRA Legislation was the first
legislative endorsement for what is now known as the waste management
hierarchy (that responsible authorities preferentially utilize four solid waste
management techniques according to the following preference order: (1)
source reduction, (2) direct reuse of products, (3) comb1.tion with energy
recovery, and (4) landfilling as a last resort. 30 ). In fact, this is a myth. The act
does not state any preference for any measure for solid waste management
except to clearly discourage the current practice of "open dump" landfilling.31
During the late 1970s and into the 1980s many municipalities had
begun implementing the waste management plans encouraged by RCRA
using a combination of landfilling and waste combustion. Waste combustion
with and without energy recovery was becoming very popular, especially in
29Landy, Marc K., Marc J. Roberts, and Stephen R. Thomas, The Environmental Protection
Agency: Asking the Wrong Questions, Oxford University Press, New York, 1990, Ch. 4,
"Writing the Resource Conservation and Recovery Regulations".30Young, John E., Discarding the Throwaway Society, Worldwatch Institute, Washington, DC,
1991, p. 17.
31 , "The Solid Waste Disposal Act as Amended by The Resource Conservation and
Recovery Acts", Selected Environmental Law Statutes, West Publishing, St. Paul, Minnesota,
1990, "The Solid Waste Disposal Act as Amended by The Resource Conservation and
Recovery Acts", pp. 523 - 624..
the Northeast, where environmental problems, land prices, and public
pressure combined to force the costs of waste management up. Although
some recovery of batteries, paper, and food packaging containers (cans and
bottles mostly), was taking place, these services were largely provided by the
private sector, charities, and the environmental community. Combustion
was clearly the dominant choice for public authorities who needed
alternatives to landfilling. A few communities had begun implementing
some measure of recycling or recovery other than combustion in their locales,
but virtually none were attempting to implement any types of source
reduction.
The 1980s also saw a marked reduction in the amount of federal
attention paid to solid wastes, although the solid waste troubles of the nation
continued to be newsworthy and important to the public. This trend is
especially obvious when one examines the noticeable lack of funding given to
federal municipal solid waste programs in the 1980s.32 This persisted even
when news stories of trains, barges, and trucks carrying refuse and other
unsavory cargoes were regularly chronicled by major news carriers. Many
landfills were shut down, some of which were also recognized as sites which
could endanger the public. By 1986, the Office of Technology Assessment
(OTA) reported that 22 percent of all Superfund sites were municipal
landfills. 33
Energy recovery plants were also coming under more intensive
scrutiny in the 1980s owing to the newer environmental restrictions of
various acts. The Clean Air Act Amendments of 1977 required them not only
to submit to test and report their particulate emissions, but to retrofit or
shutdown for violations resulting from excess emissions.
In 1988 Congress began focusing its attention on the municipal solid
waste system due to the impending RCRA reauthorization. Several initial
hearings in the House and Senate were held during 1989. Although both
houses continue to debate over bills, no legislative action had been taken by
January 1992. Work on the Clean Air Act Amendments of 1990 further
32US Congress, Office of Technology Assessment, Facing America's Trash: What's Next For
Municipal Solid Waste?, US Government Printing Office, Washington, DC, October 1989, p.
350.
33US Congress, Office of Technology Assessment, Facing America's Trash: What's Next For
Municipal Solid Waste?, US Government Printing Office, Washington, DC, October 1989, p.
284.
delayed headway on the solid waste bill during 1990, but a serious attempt
will be made in 1992.34
The Chairman of the Senate Subcommittee on Hazardous and Toxic
Substances of the Committee on Environment and Public Works introduced
a bill (S. 976, The RCRA Amendments of 1991) that adopts a more or less bi-
partisan view on solid waste management. The major requirements of the
bill are: adoption of waste minimization as a national policy, controlling
interstate transport of solid wastes, encouraging states to become more self-
sufficient in their disposal of waste, reviewing and regulating how industry
uses toxic materials in products, regulating how industry deals with its other
solid wastes including mining, oil and gas, and cement kiln wastes, and
requiring regional and state solid waste planning.35 Clearly, this bill
represents a major legislative effort and, if passed, would notably impact
current solid waste management practices. 36 The House of Representatives
has a similar bill in Committee that would provide comparable new
requirements for municipal solid waste.37
Insiders attribute the political will for amending RCRA as stemming
from controversy about the interrelated issues of interstate waste transfer and
comprehensive waste management guidelines. Even though the Bush
Administration clearly disagrees with some parts of the new legislation
(indicated below) the political efficacy of signing environmental legislation in
an election year may help sway the President to sign the bill (providing it
passes in Congress), even if some parts are unfavorable to the
Administration.
B. Other Legislation Affecting Solid Waste Management
Three other major acts affect municipal solid waste management: The
Clean Air Acts and Amendments (CAA), the Clean Water Acts and
Amendments (CWA), and the Comprehensive Environmental Response,
34Berlow, Jim, Environmental Protection Agency Staffer for RCRA reauthorization,
Washington, DC, personal communication in November, 1991.
35US Senate, Committee on Environment and Public Works, Subcommittee on Environmental
Protection, Legislative Hearing on S. 976, The Resource Conservation and Recovery Act
amendments of 1991, September 17, 1991.
36US Senate, Committee on Environment and Public Works, Subcommittee on Environmental
Protection, Legislative Hearing on S. 976, The Resource Conservation and Recovery Act
amendments of 1991, September 17, 1991.
37Berlow, Jim, Environmental Protection Agency Staffer for RCRA reauthorization,
Washington, DC, personal communication in November, 1991.
Cleanup and Liability Acts and its Amendments (Superfund). While they
don't impact waste management programs directly, these acts do limit the
ways that the various waste management technologies, such as waste
combustion and landfilling, handle the waste.
Two other relevant statutes, not specifically dealing with the waste
management practices per se, but important in the classification and
operation of waste processing facilities should also be acknowledged. The
first, the Public Utilities Regulatory Policies Act of 1987 (PURPA), relates to
the power production capabilities of waste management facilities, particularly
combustion facilities. The second, the Internal Revenue Code, determines for
tax purposes what substances are classified as wastes and subject to special tax
treatment.
i. The Clean Air Acts and Amendments
The Clean Air Act and its amendments largely impact the waste
combustion segment of the solid waste disposal market. The CAA legislation
consists of three major acts passed in 1970, 1977, and 1990 that together define
the air-related regulatory policy in the US. The most current, adds acid rain
criteria and a new force into the regulatory paradigm as a result of the
influence of the Bush Administration: market based environmental
policies.38
Several specific air quality requirements in the CAA impact waste
combustion plants: National Ambient Air Quality Standards (NAAQS),
Prevention of Significant Deterioration (PSD), New Source Performance
Standards (NSPS), and National Emission Standards for Hazardous Air
Pollutants (NESHAPS). The EPA promulgated the first NSPS requirements
for waste combustion facilities in 1971. They significantly increased the cost of
new waste combustion capacity for many municipalities. Later, when the
Agency released the applicable NESHAPS, many older facilities shut down
because they could not be retrofit to meet the new standards.
The NAAQS and PSD provisions of the CAA limit the "ambient" air
constituents throughout the US. These guidelines were not directly
applicable to solid waste sources, but the local standards and pressure that
resulted from "non-attainment" of federal standards did provide reasons for
38Lee, Brian, "Highlights of the Clean Air Act Amendments of 1990", Journal of Air and
Waste Management Association, January 1991, pp. 16 - 19.
local lawmakers to pass strict regulations for large pollutant emitters such as
combustion facilities.39
ii. The Clean Water Acts and Amendments
The CWA regulates all fluid discharges to surface waters according to a
National Pollution Discharge Elimination System (NPDES) permit system.
Performance standards, set by the EPA and specified on the NPDES permit,
determine the suitability of any discharges.
All types of waste processing and disposal facilities can be subject to the
CWA. Recycling and processing plants typically use water in processes, whose
discharge may require a permit. Composting and landfilling also collect and
must sometimes discharge wastewaters that may require a permit.
Combustion plants produce wet wastes as well as power generation byproduct
waste and cooling water (heat waste) that may need a permit for discharges.
iii. Comprehensive Environmental Response, Cleanup and Liability Acts
The group of legislation related to Superfund is responsible for the
cleanup of the nation's and territories' hazardous waste sites. Landfills
comprised some 22 percent of the total national priorities list Superfund sites
in 1986 according to the EPA.40 Although the Superfund legislation has not
actually required any new standards for solid waste management, it has
prompted changes in the manner that companies and municipalities treat
hazardous wastes by bringing national attention to the problems associated
with past poor management practices. 41
iv. Public Utility Regulatory Policies Act
The Public Utility Regulatory Policies Act of 1978 (PURPA) and
associated energy related acts provide incentives for small power producers
such as municipal solid waste-to-energy plants. PURPA and various other
power related acts provide exemptions from the Federal Power Act and other
state and local requirements for small power generating facilities. PURPA
39Raffle, Brabley I., "The New Clean Air Act", Environment Reporter, Bureau of National
Affairs, Washington, DC, May 19, 1978, 28 pp.40US Environmental Protection Agency, Report to Congress: Solid Waste Disposal in the United
States (Volume II), US EPA, US Government Printing Office, Washington, DC, October, 1988.
41Hoffman, Andrew, and Henry Taylor, "Interview (with Ira Leighton, Branch Chief,
Region 1, US EPA)", Construction (Newsletter for the Center for Construction Research and
Education), Massachusetts Institute of Technology, Spring, 1991, pp. 13 - 17, and US Congress,
Office of Technology Assessment, Facing America's Trash: What's Next For Municipal Solid
Waste?, US Government Printing Office, Washington, DC, October 1989.
requires utilities to purchase electricity from small producers (including waste
combustion plants) at the full cost that utilities would incur if they generated
it themselves. 42
v. The Internal Revenue Code
Tax advantages given to solid waste management facilities hinge on
the Internal Revenue Code definition of waste, which stipulates that material
is only considered waste if it has no market value. If wastes are saleable at any
price, the material is not classified as solid waste to the Internal Revenue
Service (IRS). This policy affects the financing alternatives of municipalities
charged with municipal waste Iisposal because the tax advantages usually
applicable to financing methods for waste disposal facilities may be limited if
the facility practices source separation and recycling. For instance, according
to the tax exemption provisions of the tax code, those facilities financed using
Industrial Development Bonds (IDBs) are subject to several provisions
including the restriction that the facility handle at least 65 percent solid waste
as classified by the IRS.43
II. Administrative Rulemaking: Environmental Protection Agency
Actions
In the 21 years that the EPA has been in existence, they have issued
numerous different rules, standards, and guides. However, even though
there have been many different rulemakings, many critics charge that the
Agency has performed poorly overall regarding the implementation of
federal solid waste related objectives defined in the legislation.
The EPA did not issue guidelines specifying purchasing policies for
recycled material content, required by RCRA in 1976, until as late as 1989; and
then only after pressure from Congress and environmental groups. This
behavior was typical regarding municipal solid waste provisions of the RCRA
program. Many blame the delay on the pressure placed on the promulgation
of the hazardous waste portions of the RCRA and Superfund legislation.
42Boykin, Rigdon H., Bemays Thomas Barclay, and Clavin Lieberman, "Marketing Resource
Recovery Products", form Robinson, William D. The Solid Waste Handbook, John Wiley, New
York, 1986, pp. 621 - 652.
43United States Office of Technology Assessment, Facing America's Trash: What Next For
Municipal Solid Waste, US Government Printing Office, Washington, DC, October 1989.
Nonetheless, this conjecture is hardly an adequate excuse for neglecting the
solid waste related portions of the RCRA program.44
While the EPA frequently is the subject of Congressional pressure and
even citizen suits demanding that they fulfill a particular legislative mandate,
the Agency is not always completely at fault. The Congress often held
unreasonable expectations for the implementation of the legislation that only
provided the EPA with vague tasks and lofty goals. Many different tasks that
at first seem simple and straightforward, such as the definition of hazardous
substances or tests to determine them, proved to be exceedingly complex,
requiring value judgements about scientific uncertainties and complexities
not imagined by either the legislators or the Agency. 45
The guidance and standards for landfills, issued by the EPA in response
to RCRA (1976), were a vague and largely incomplete attempt at meeting their
mandate. The Office of Technology Assessment (OTA) reports that the first
set of EPA guidelines "do prohibit contamination of groundwater used for
drinking water, but do not require any monitoring or specify corrective action
requirements" if groundwater problems do occur. 46
In February 1989, the Agency published the results of a new study and
recommended a new national plan for the improvement of the nation's solid
waste management capacity in The Solid Waste Dilemma: An Agenda For Action.
The document committed the EPA to several programs designed to help
states and municipalities manage their wastes. The centerpiece of the Agenda
is a system of "Integrated Waste Management" which describes a national
master plan for waste management practice in the US.
The term integrated waste management connotes the understanding of
the entire waste generation process that occurs at every level in the economy.
EPA policy makers have determined that they must understand the linkages
between production, use, and disposal of materials and products to manage
the multitude of wastes generated by household, institutional, commercial,
and industrial activities,. This requires that integrated waste management
44Kovacs, William L., "The Coming Era of Conservation and Industrial Utilization of
Recyclable Materials", Ecology Law Quarterly, Volume 15, 1988, pp. 537-625.
45Landy, Marc K., Marc J. Roberts, and Stephen R. Thomas, The Environmental Protection
Agency: Asking the Wrong Questions, Oxford University Press, New York, 1990.
46United States Office of Technology Assessment, Facing America's Trash: What Next For
Municipal Solid Waste, US Government Printing Office, Washington, DC, October 1989.
practitioners gather, interpret, and act on diverse and ill defined information.
It also requires agencies to utilize a variety of different waste practices.
The EPA's national Integrated Waste Management plan emphasizes
four major modes for waste management: source reduction, recycling and
composting, waste combustion, and landfilling.47 All these elements must
work collectively to bring solid waste problems under control. Each locality
must consider its own particular situation to determine what mix of these
measures is the best, most economical response to their particular solid waste
problems.
In practice, the EPA views the policy as a largely interdependent stream
of waste management activities in a comprehensive program. First
municipalities should reduce the volume and toxicity of wastes as much as
possible and recycle or compost any valuable or organic waste. Then, any
non-combustible portions should be removed, to leave a waste that will
provide good fuel for energy production. Where possible, materials that
produce toxic byproducts when combusted or that leave toxic constituents in
combustion ash (in amounts that could be considered hazardous), and
materials that interfere with the combustion process (for example, because of
their physical composition), should also be removed. The combustible
fraction should be burned, and only previously separated materials and
remaining combustion ash should be finally landfilled.
To implement this strategy, the Agency has determined preferences for
the implementation of local waste practices. Local authorities should follow
the national goals regulators set for 1992, including: recycling 10 to 25 percent
of the waste stream, burning another 20 percent (with energy recovery), and
landfilling the rest. This policy is not only aimed at reducing the amount of
wastes that are currently landfilled but acts to promote source reduction,
recycling, and reduction of waste toxicity as well.
In October 1991, the EPA published the new standards for municipal
solid waste landfills that updated the previous regulations issued twelve
years earlier. The new standards, scheduled to take effect in October 1993,
require groundwater monitoring, comprehensive design according to
national standards, operational controls and procedures, operator financial
47US Environmental Protection Agency, The Solid Waste Dilemma: An Agenda for Action,
Report of the Municipal Solid Waste Task Force, Office of Solid Waste, Washington, DC,
February 1989.
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responsibility for closure, closure and post closure duties, and cover
requirements. New facilities and additions to existing ones must install
liners and leachate collection systems, and those closing are responsible for
applying impervious cover and methane gas collection devices. Since the
states must permit and monitor landfills, the Agency will evaluate each
state's program to certify that it meets the federal guidelines.
III. State (and Local) Actions
The states and territories have traditionally managed their own
individual solid waste problems. In the past, when no comprehensive
federal legislation was available to guide them, each state would determine
locally how to manage its solid waste problems. This policy inevitably led to
many different versions of a policy for waste management. The legacy left by
the lack of federal guidance and intervention is evident from the
examination of the state and local planning methodologies as well as the
level of control asserted by each.
In some states, like New Jersey or New York, the state controls nearly
every aspect of the municipal solid waste management system. These states
have detailed, coordinated, comprehensive management plans that were
purposefully crafted to avoid problems of regional coordination associated
with piecemeal, locally based approaches. Other states, like Missouri, leave
the full authority for waste management in the locality's hands. The state
reserves the right of review, and provides technical assistance, but little
more.
48
Although state legislative actions have not been similar in type or time
frame, there are some general categories of common legislation that have
been and are now being implemented. By 1988, six states had general solid
waste management plans that were intended to manage the entire waste
stream; ten had implemented purchasing preferences for recycled materials;
sixteen had either studied, planned, or otherwise required recycling practices;
six had plastics or non-degradables legislation; three regulated labelling of
products made with recyclable or degradable materials; and four had
48US Environmental Protection Agency, The Solid Waste Dilemma: An Agenda for Action,
Report of the Municipal Solid Waste Task Force, Office of Solid Waste, Washington, DC,SFebruary 1989.
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requirements for recovery at waste-to-energy facilities.49 Packaging
requirements, especially for beverage containers, had been an important
feature of many states' waste management schemes. In ten states, recycling
was mandatory by January 1989. Practically every state had outlawed pull tabs
for beverage containers by 1990, and many states made carriers for six-can
packs biodegradable by law.
Another characteristic of states' legislative actions is that they have
been proceeding at a rapid rate. In most states, there is at least one new or
pending piece of municipal solid waste management legislation. In some
states the flow of solid waste legislation is bewildering. OTA reports that
California alone had close to 50 bills pending in 1988 with more being
introduced regularly.5 0
3.2.3. Future Legislative Direction
For a while, the prevailing decentralized approach to solid waste
management made perfect sense. Politically, the Congress did not want to
preempt the powers given to the states. Organizationally, a central federal
solid waste agency would require a considerable investment. Furthermore,
the EPA was providing some guidance, albeit on a less than desirable level at
times, so the states could analyze and determine issues themselves.
Additionally, there were feelings that each state was sufficiently different so
federal legislation would not serve the interests of the individual state very
well. Finally, since many me.hods could be conceived of and implemented
in a decentralized system, this structure should promote innovation better
than a centralized system. However, flaws were recognized as this system
grew. One particularly notable one is that landfill owners in states with
abundant land resources began to solicit wastes from those that had little or
no landfilling capacity left.
New (and obvious) sources of pressure on solid waste management
had emerged in the 1980s: the increasing closure of landfills (that had
previously been the overwhelming source of disposal capacity); the increasing
cost of installing new waste management capacity due to regulation; and the
49Krieth, Frank, Solid Waste Management, National Conference of State Legislatures,
Washington, DC, 1989, Table 5, p. 18.
50US Environmental Protection Agency, The Solid Waste Dilemma: An Agenda for Action,
Report of the Municipal Solid Waste Task Force, Office of Solid Waste, Washington, DC,
February 1989.
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increasing costs of waste management due to organized environmental and
public advocates' opposition. Waste management practitioners have also
increasingly turned to source reduction, recycling, and composting as primary
means of municipal solid waste management. These alternative forms of
refuse management have grow dramatically, especially during the last few
years. Twenty three states and the District of Columbia have passed
mandatory source reduction, composting, or recycling laws and have fuelled
the switch to these alternative forms of waste management. Disposal bans
and deposit legislation have impacted the composition of waste stream by the
removal, recycling, and reduction of waste in many localities.
The newest legislation is also likely to address the developing interstate
transportation issue, and continue to attempt to promote source reduction,
composting, and recycling.51 Other factors that will play a part in the direction
of legislation are risk reduction, cost effectiveness, technology development,
and education. However, it is unclear from the Congress or the Agency how
these will mix to determine future waste management schemes.
51US Congress, House of Representatives, Subcommittee on Transportation and Hazardous
Materials, staff discussion draft of RCRA Reauthorization bill (S. 976) dated September 30,
1991, and, US Senate, Committee on Environment and Public Works, Subcommittee on
Environmental Protection, Legislative Hearing on S. 976, The Resource Conservation and
Recovery Act amendments of 1991, September 17, 1991.
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4. The Paradigm Shift: Municipal Solid Waste Materials Management
For many years, society treated wastes of all kinds as though they were
an inevitable by-product of human activity. Many municipal solid wastes
were discarded, usually on or in the ground, without the thought of future
consequences. Now that we understand the consequences of this practice and
realize that our global and territorial resources are indeed finite, we have
begun to change our habits. At the forefront of these changes is a system of
"integrated waste management" that has become the national master plan for
municiral solid waste materials management.
4.1. Integrated Waste Management
Integrated waste management treats wastes not as a homogeneous
discarded mass but as a conglomeration of materials and products with a
potential value that should not be simply discarded in the name of waste
management tradition. This materials management approach, as opposed to
the older waste management approaches used in the past, has become the
new standard for municipal solid waste management practice.
1) 4.1.1. Sustainability and Materials Management
The new approach is really not new at all. The federal government
studied integrated waste management techniques thoroughly throughout the
1970s, but the practice did not officially become a national plan until February,
1989. The shift in practice was most likely due to the recognition of practical
problems in the industry: landfills are the major contributor to the
Superfund list; landfill leachate is contaminating groundwater; disposal costs
have risen sharply; and landfill numbers are dropping steadily.1
Sustainability arguments provide the best theoretical foundation for
justifying integrated waste management practices. In essence, sustainability
requires efficient resource utilization to enable sustained human progress by
redirecting capital and factors a priori, rather than requiring firms to deal with
external problems after the fact. This concept is becoming an increasingly
1Schall, John, and Jeanne Wirka, "The Rise and Fall of Integrated Waste Management",Sunpublished working paper, Tellus Institute, Boston, 1991.
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important argument for setting policy goals for many different fields, and not
just those traditionally environment-related. 2
The World Commission on Environment and Development (WCED),
describes the concept of sustainability as the reunion of economic and
environmental needs that were never really separate:
There has been a growing realization in national governments
and multilateral institutions that it is impossible to separate
economic development issues from environment issues; many
forms of development erode the environmental resources upon
which they must be based, and environmental degradation can
'1ndermine economic development.3
Therefore, it is useless to attempt to address environmental problems
without considering the economic realities that are in many ways responsible
for them.
Sustainable development, where the term development relates to the
use of all factors, including human capital, natural resources, land, and other
assets, is vital if society is to continue to grow in the future. Many
civilizations have sown the seeds of destruction, including the Romans,
possibly the Mayans, and the Arabs - who are not only the sons of the desert,
but also its fathers. 4
In a 1972 study, using a technique called systems dynamics developed
by Professor Jay Forrester at MIT, a large scale computer model of the world
economy predicted that society will run out of non-renewable resources in
less than 100 years, causing a relatively sudden precipitous collapse of the
economy if society continues with the status quo. Simple, piecemeal attempts
at solving individual problems did not mitigate collapse (in fact it usually.
made it worse) because the model only reached one limit after another as
successive constraints were removed. The crisis could be avoided only
through conscious self-restraint that would limit population, pollution and
economic growth. The distinct feature of the feedback model was that
2World Commission on Environment and Development (WCED), Our Common Future, Oxford
University Press, New York, 1987, see Chapter 2, "Towards Sustainable Development".
3World Commission on Environment and Development (WCED), Our Common Future, Oxford
University Press, New York, 1987, p. 3.
4Rose, David J., Learning About Energy, Plenum, New York, 1986.
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exponential growth, also a distinctive feature of success in a capitalistic
society, eventually caused collapse and ruin.5
Many other works also foretold the future collapse of civilization. In
the early nineteenth century, an influential work by Thomas Malthus
predicted that population growth would eventually outstrip the availability
of food, resulting in mass starvation and death.6 However, predictions often
proved to be wrong. In 1835, the chief geologist of the US Geological Survey
predicted American oil reserves would be exhausted within fourteen years.
In 1865 Stanley Jevons predicted that the increased demand for coal would
soon steop economic progress.7
Critics of the pessimistic collapse theories believe that the unknown
effects associated with future advances provided by technology will serve to
provide a smooth, ever increasing possibility frontier, so resource constraints
will not lead to economic collapse. As resources become scarce, the natural
economic incentive to provide them will encourage innovation that will
solve, or change the problem.
The controversy about growth has not been resolved. However,
leaders have acknowledged the possible implications of the problems
associated with the effects that unbridled growth can cause in the
environment. Humans have the potential to change the nature of the earth's
ecological system without realizing the nature or extent of the changes.
The concerns about the effects of human interventions into the natural
ecosystem are real. For instance, large scale pollution effects have become
increasingly noticeable. But the effects are more pervasive than commonly
realized; the largest constructions produced by man, the landfills, are a large
scale example of land pollution.
Current practices in solid waste management (as well as in many other
disciplines), in countries all over the world wastefully employ resources. If
resources are wasted, increasing amounts of new resources must be extracted
to sustain growth. If there is indeed a natural limit, modern ecologists call a
carrying capacity, that constrains the extent of human activity in the
environment, then wasting resources only hastens its inevitable effects on
5Meadows, Donella H., et. al., The Limits to Growth, Universe Books, New York, 1972.6Malthus, Thomas R., Essay on the Principle of Population, Antony Flew, Ed., Penguin Press,
Harmonworth, 1985.
7Teitenberg, Tom, Environmental and Natural Resource Economics, 2nd Ed., Scott Foresman,
Glenview, IL, 1988.
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society. Although technology may prevent the collapse of the economic
system as we know it, no-one can be sure. This fact has prompted leaders
around the world to reexamine both the production practices of industries
and their uses of materials as well as the consumer's ultimate disposal of
items in a more holistic manner.8
The implications of the sustainability doctrine for municipal solid
waste management are especially consequential since the doctrine all but
directly prescribes materials management approaches for guiding solid waste
policy. Materials management approaches force policy makers to consider
waste throughout its economic life cycle, from its very source, through
industrial processes, until it eventually is discarded, disposed of, or reused, to
determine how production and material use leads to the product's final
disposition as a waste. In this way, inefficiencies throughout the product life-
cycle can be determined and appropriate waste management practices can be
developed to guide the genesis of each particular material or product.
In the developed world, societies are content to discard potential
resources. Increased affluence leads to desires for increased convenience
which provides incentives to produce (and usually bury) more waste, but
increased affluence should also lead to increased desire for the amenities
available from the environment. Through the ideas of sustainability, the
economist and the environmentalist become allies. According to William
Ruckelshaus, "the drive toward sustainability can unleash the creative
powers of the market economy. In fact, we may say that achieving real
sustainability depends on unleashing those powers..." 9
4.1.2. The EPA Integrated Waste Management Plan
The most desirable method of solid waste management, according to
sustainability arguments, is the use of waste reduction practices to avoid the
generation of waste. Although legislators and the public often support the
idea, and it is even written into the EPA policy as their "Pollution Prevention
Policy Statement," 10 the implementation of waste reduction is often most
8US Congress, Office of Technology Assessment, Facing America's Trash: What's Next For
Municipal Solid Waste?, US Government Printing Office, Washington, DC, October 1989.
9Ruckelshaus, William D., "Free Market Opportunity Begets Environmental Change",
sýecial advertising section, "Earth", Business Week, June 18, 1990, p. 101.
1 US Environmental Protection Agency, "Pollution Prevention Policy Statement", Federal
Register, US Government Printing Office, January 26, 1989, pp. 3845 - 3847.
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difficult since it may require changes in the operations in industrial plants
such as changes in technology or processing, operational changes, or changes
in feedstocks and raw materials.11
The practice of materials management (outlined in Chapter 3) is called
the "waste management hierarchy" by government and industry. The waste
management plan in Massachusetts summarizes its basic tenets: 12
* First, reduce the amount of solid waste produced, particularly
that which is toxic, either in production or disposal;
* Second, recycle and compost all appropriate components of the
solid waste stream;
* Then, combust only the waste that cannot be recycled or
composted; and, last,
* Landfill only those wastes that cannot be recycled, composted,
or burned.
Many other authorities also endorse the hierarchy, including OTA in its latest
study of the solid waste problem entitled Facing America's Trash: What Next for
Municipal Solid Waste?13
The Agency suggests that each locality or region should analyze its own
particular situation to determine what mix of these measures is the best, most
economical response to their solid waste problems. This requires that
integrated waste management practitioners gather, interpret, and act on
diverse and ill defined info:m-ation.
To determine how much of each material and product in the waste
stream should be devoted to which mode, the costs to society of managing the
waste must be known. Then, the product or material should be directed to
the mode that minimizes total social costs.
4.1.3. Use of Resources
Any resource can be fashioned into a variety of products by many
different producers. Although the resource is homogeneous when it is
provided by a primary producer, it is utilized in a variety of ways by secondary
11US Congress, Office of Technology Assessment, From Pollution to Prevention, US Government
Printing Office, Washington, DC, June 1987.
12Commonwealth of Massachusetts, Department of Environmental Protection, Toward a
System of Integrated Solid Waste Management: The Commonwealth Master Plan, Office of the
Secretary of State, Commonwealth of Massachusetts, Boston, June 1990.
13US Congress, Office of Technology Assessment, Facing America's Trash: What's Next For
Municipal Solid Waste?, US Government Printing Office, Washington, DC, October 1989.
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producers. For instance steel can be made into durable building products or
single use food containers. One may last a hundred years while the other a
hundred days. One consists of a concentrated, relatively massive form that is
eventually fixed in a single place and the other consists of a diffused product
that is less massive.
The two are allocated in society by competitive economic forces that
work to drive the prices to an efficient allocation according to the
manufacturer's costs. While this is efficient for the manufacturer, it is
inefficient for society.14 When a relatively massive and concentrated form of
a material is discarded, it can easily become a resource for reprocessing. If the
material is diffused, its concentration is lessened and it is a less worthy
resource for further use. If the total social costs of reprocessing are lower than
the costs of new extraction and processing, then there is some social
opportunity cost for the more diffuse material just because it is diffuse.
The costs of reprocessing are much lower than the costs of extraction
and processing for many raw materials, especially if all costs, direct, social, and
environmental, are included. Consider metals processing. Aluminum
reprocessing requires ten times less energy than reduction from bauxite
i) (aluminum ore). The process costs less than the raw material itself does,
even without including the environmental costs associated with mining,
mine wastes, air emissions from the reduction operation, other wastes from
the reduction operations, and other costs. The same is true for steel except
that the price of steel is much less than the price of aluminum. Accordingly,
there is much less direct economic incentive to gather the more diffused
sources of steel, especially since the reduction of environmental costs typically
are not available as an incentive for the firms that recover and reprocess
secondary materials.
The social costs of renewable resource harvesting and production such
as timber and paper production are also costly. Logging, for instance,
produces environmental effects such as soil erosion, damage to fisheries,
surface water body degradation, and destruction of wildlife habitats. Costs for
production of new newsprint from reclaimed, de-inked stock is comparable to
14Teitenberg, Tom, Environmental and Natural Resource Economics, 2nd Ed., Scott Foresman,
Glenview, IL, 1988.
109
the cost of virgin wood pulping according to industry sources.15
Furthermore, waste paper averages 7,200 BTU per pound and can be utilized
as fuel for energy generation if not reclaimed and reused to provide new
materials.
4.1.4. Costs Associated With Waste Management
The true cost of waste management, alluded to above, is not simply the
price that transporters charge for dumping. The economic cost of solid waste
management is really the sum of the real dollar costs to firms for transport,
handling, processing, and so on, called the accounting costs of waste
management, and environmental costs associated with these practices. In the
interest of minimizing total cost to the public, the policy maker should take
account of the '"life cycle costs" of the product. Life cycle costs include the
accounting costs (market costs that firms must pay) and the total
environmental costs of the material or product to society from resource
extraction, through its processing, distribution, and sales, and the economic
costs associated with disposal once it enters the disposal chain.
Life cycle costing reveals the direct societal costs of materials - from
production, use, and disposal. A common implication of life-cycle costing is
that the market fails to provide large enough incentives for the recovery of
discarded materials. Another less obvious implication of the life cycle costs
method relates to how products are, and should be, delivered in the market.
Whenever a buyer receives a product, solid wastes are usually
associated with it. For instance, most products that consumers or businesses
buy include some type of packaging. The net value of the product is always
less than its price since the packaging costs the manufacturer something
(sometimes more than the cost of the product). The true value of the product
to the consumer is even less (might be negative if all costs are included) since
the packaging is a liability that consumer must eventually discard. If the
product were provided without the packaging, the consumer would save not
only the cost of disposal but also the original packaging costs.
If society could eliminate the waste associated with this packaging, its
cost would be a net social gain. A newspaper provides another good example.
The real value from a newspaper is not the paper package that the news is
15Boroughs, Don L., "The Great Paper Pushers", U.S. News and World Report, Aug. 26,1991,
pp. 48-49.
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written on (unless one uses it to start a home fire), it is the ideas printed on
the page. Once read, the newspaper becomes a liability. The producer paid
both for the package and for the product even though the consumer only
wants the product and could probably do well without the bulky paper waste.
The foregoing is an example of the problem of supplying society useful
and convenient ends without wasteful means. While the end product is
actually the important feature, the means is a liability that shows up twice for
society - first as a direct cost to the producer, and second as a partly hidden
disposal cost for the consumer. Amory Lovins acknowledged this very
predicamnent when analyzing the use of energy in his 1977 book Soft Energy
Paths.16 In this case the subject was energy, but the conclusion about the
importance of the end product, and not the means for facilitating it, still is
striking: "People do not want electricity or oil...but rather comfortable rooms,
light, vehicular motion, food, tables, and other real things."
Unfortunately the market has difficulties providing incentives for
either the consumer or the producer to reduce product associated liabilities
such as packaging. The producer never has the full incentive to reduce the
overall wastes since each only feels a portion of the full cost of the waste. An
indication of this reduction is evident in Figure 3.1 which could serve as a
rough proxy for the producer cost-motivated trend for waste reduction. In
this graph, the mass of discards per million dollars of GNP is plotted by year.
Even though some of this trE.nd could result from unrelated economic effects
such as shifts in firm demographics (manufacturing to service), William
Rathje has found a clear decrease in mass for many products showing how
manufacturers constantly make products thinner and lighter. For example,
in his testimony to Congress, Dr. Rathje explained that "a 2-liter PET soda
bottle weighed 60 grams in 1970. Today it weighs 48 grams (20 percent
less)..." 17
16Lovins, Amory B., Soft Energy Paths: Toward a Durable Peace, Ballinger, Cambridge, MA,
1977.
17Rathje, William L., testimony before the Senate Committee on Environment and Public
Works, Municipal Solid Waste Crisis: Hearing Before the 101st Congress, US Government
Printing Office, Washington, DC, June 1989, p. 66.
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Figure 4.1: Historical Trend of Waste Minimization by Producers18
If all the benefits from minimization of material use accrued to the
producer, the cost-motivated decrease in waste would be more pronounced.
Producers are much more centralized than consumers, and would therefore
gain a greater benefit due to this aggregation. The consumer loses the
incentive for reduction more easily since the actual cost is spread over many
individuals. Even though the missing incentive is relatively small to each
consumer, the collective incentive to society can be rather large when the
accounting and environmental costs of waste disposal are added to the life
cycle costs of the waste.
18Simmons, Stephen, East Bridgewater Final Environmental Impact Report, American Ref-Fuel
Company, Houston, Texas, August, 1991.
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Using life cycle costing methods for evaluating the choices between
disposal modes will account for these indirect savings accrued by society from
alternative waste management practices. The use of simple accounting costs
is not sufficient to determine the best alternative from society's perspective.
This is not to say that the accounting costs of each proposed mode should be
ignored or neglected, but that they should be only one part of the total
decision making process.
Society should pay up front for gains from using these alternative
modes of waste disposal. Government must manage the process through
market intervention since markets will not automatically provide these
social benefits (see Chapter 5), even though they will result in a net societal
gain.
4.2. Obstacles to Implementing Materials Management Approaches
In changing the current system, decision makers must consider many
different societal, institutional, and industrial influences. Adopting the
materials management approach will both cause and require changes in the
current system. Although some of these are being addressed (see Chapter 3
_) regarding the federal, state, and local governments' roles in solid waste
management), many are not.
4.2.1. Increases in NIMBY and More Difficult Decision Making
Past management practices have left the public with the justified
feeling that legislators and industry have simply not guarded their
environment well enough to warrant complete public trust.19 The integrated
waste management approach, if implemented in the traditional, top-down,
"decide, announce, defend" model as Dennis Ducsik has called it,20 may only
exacerbate the NIMBY problem because of the public's lack of trust.
It is obvious that in moving to materials management techniques for
solid waste management, there are many more and newer choices that must
be made. Once, when landfills were the only option, the decision was much
19Byers, Edward, "Now Entering The Age of NIMBY?", Waste Age, National Solid Wastes
Management Association, Washington, DC, January, 1990,pp. 36 - 38.20Ducsik, Dennis, Electric Planning and the Environment: Toward a New Role for Government
in the Decision Process, Thesis for Doctor of Philosophy in Civil Engineering, Massachusetts
Institute of Technology, Cambridge, Massachusetts, January, 1978.
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easier: where to site a landfill. Now new questions must be answered to
manage solid waste. For instance:
* What materials will be handled by which mode?
* How much waste should be diverted to each mode?
* What are the limits of the new waste management
technologies?
* How much will the public comply with different programs?
* How will the waste stream changes impact the current system?
* Who should receive the profits from recycling?
* How should fees be paid for solid waste management services?
* How many services should be provided by the public sector?
* How can markets for reclaimed materials be encouraged?
* What should be done with reclaimed materials until markets
emerge?
* Can nationwide data for waste characterizations suffice for
local and regional waste management planning?
These questions make determining the actual solutions to the waste
problem much more difficult. The change is bringing up new problems
perhaps faster than it is burying old ones. These concerns are not trivial and
must be addressed before an integrated system can be implemented if the
system is to be practical.
Although the questions themselves are important to resolve to
develop the proper mix of services for waste management, they also provide
critics with more questions ar d challenges to implementation of the policy.
Those galvanized into moral and philosophical viewpoints may be able to
furnish more challenges to plans if they don't completely agree. This will
serve to hinder implementation of solutions and drive costs up considering
the current disposal situation.
4.2.2. Shifting the Responsibility To the Waste Generator
Since the current system provides a venue for challenging policy
implementation, another problem has surfaced as a result of poor past
management practices: the public has an irreconcilable view of the current
solid waste management system. Although they are directly responsible for
the problem of solid waste generation, they are also capable of and willing to
deny implementation of available technical solutions to it. While generation
numbers continue to increase, public opposition (often characterized by the
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NIMBY syndrome) to every type of solution continues to challenge policy
implementation significantly. 21
This problem is epitomized by the politically motivated, interstate
waste transport issue that has become hotly debated in Congress, and is a key
force driving the current RCRA reauthorization push. 22 The States, already
on the front lines of a garbage (and hazardous waste) war, have pushed the
question of the validity of State bans to the Supreme Court. The high court
however has announced that it will wait for Congress to sort out its view on
the subject before it decides whether or not to hear the case. 23
The question that these cases are raising is a common theme in
modern day waste management: those who produce the wastes should be
responsible for them. Hidden beneath the issue may be the fact that it
corresponds to society beginning to come to terms with the problem of their
feelings that waste is not an important issue even though siting waste
disposal facilities is. Unfortunately the consequences of the issue could prove
to have negative effects since the State line provides an artificial boundary
that industry and even environmentalists say will force wastes to be disposed
of in ways that may be less environmentally favorable at very high prices.24
•) The interstate transport issue also reinforces the notion that the waste
problem is a local and regional issue much more than a national one, and
therefore the solutions to the waste problem should be regional or local.
During the last decade when Massachusetts Governor Michael Dukakis
encouraged the large waste-to-energy companies to build plants in the State
through financial and tax incentives, these companies formed coalitions of
towns both inside and outside the State to supply waste for the prospective
plant. Economies of scale at these plants forced operators to build a big plants
which serve a large area. Now solving the interstate issue also may require
the same kind of coalitions that the waste-to-energy facilities did in
Massachusetts during the 1980s. Limiting plants to State boundaries, due to
the political realities associated with the interstate issue may end up
21Byers, Edward, "Now Entering The Age of NIMBY?", Waste Age, National Solid Wastes
Management Association, Washington, DC, January, 1990pp. 36 - 38.
22Berlow, Jim, Environmental Protection Agency Staffer for RCRA reauthorization,
Washington, DC, personal communication in November, 1991.
23 , "Court Still Shuns Waste Case", Engineering News Record, November 25, 1991, p.
30.
24Holusha, John, "In Some Parts The Battle Cry Is 'Don't Dump On Me'", New York Times,
September 8, 1991, p. 46.
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sacrificing efficiency for the encouragement that public awareness and
publicity would bring to the waste problem.
Integrated waste management also requires the same type of coalition
building seen in Massachusetts for two reasons. First, the facilities for waste
management still have economies of scale that should be exploited; and
second, the public demands that waste generators be responsible for the waste
they generate. Therefore, efficient facilities should serve a geographic region
based on a study of the waste generation at the particular locale. A
comprehensive evaluation of needs by the local stakeholders should be used
to determine an actual implementation plan. Then the stakeholders
themselves will reach a lasting solution since they will decide their own fate.
Proponents see limiting interstate waste movement as forcing the issue
of indigenous capacity, but passing laws that place artificial boundaries on the
location of waste management facilities may only make the waste
management solutions less efficient. Artificially high alternative prices for
waste disposal will surely make municipalities more apt to embrace
technologies that may, on balance, cost much more, economically and
environmentally, than their waste disposal really should.
4.2.3. No Link Between Costs and Benefits
Another lingering problem exacerbated by the switch to integrated
waste management techniques is the link between waste management costs
and benefits. When landfills were cheap, and the cost was insignificant to the
public, the issue of how costs should be connected to waste management
benefits was relatively unimportant. Now as disposal costs rise, these
problems become more acute and worthy of consideration. They are even
more pronounced for integrated waste management since prospects are that
initial costs will continue to rise at least for the short term.25
There are two ways that the costs of waste management are decoupled
from its benefits. First, removal costs to many consumers are inevitably
hidden from the consumer through the ways that municipalities have
traditionally raised the revenues to pay for municipal waste management
services. Second, no distinction is made between the different parts of the
25Glenn, Jim, and David Riggle, "The State of Garbage in America", BioCycle, April 1991,) pp. 31 -38.
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waste stream that should be priced differently because they correspond to
) different waste liabilities.
I. Linking Payment To Cost
When the cost of the waste management service is decoupled from the
service, it provides little incentive for the customer to use the service
efficiently. This situation is prevalent in this country because property tax
revenues are typically used to pay for waste disposal services. The situation
was best summarized by Harvard Professor Robert Stavins when he remarked
that the policy of paying for refuse disposal out of property tax revenue was
like paying for the yearly gasoline one uses through a percentage based excise
tax on the car that one drives. 26
Communities in many parts of the US have recognized this problem
and have started programs that have been widely successful. Many different
benefits can result from these programs. Studies cited benefits such as greater
awareness of waste disposal problems and costs, greater recycling program
participation, and direct savings for many residents. 27 The carefully
implemented programs that used education and recycling campaigns have
been very successful. Residents of one county in New York State near Cornell
University indicated that they feel that the program is the best of all possible
alternatives for paying for their solid waste disposal. 28
The programs ultimately save many communities money through
increased diversion of wastes to recycling programs since higher disposal costs
have forced them to pay much more for their refuse disposal. When
residents begin to realize that their private costs of disposal are reduced by the
amount of waste that they recycle, they usually feel more inclined to do so.
Not only does the municipality save on disposal costs, but it frequently offsets
collection costs through the sale of valuable recyclables such as aluminum.
II. Linking Cost of Item Disposal to Item Disposed
Another portion of the cost of waste management that is hidden from
the public as well as industrial, educational, and commercial customers, is the
26Stavins, Robert., Keynote speaker,Conference on Global Environment at MIT, October 1991.
27Riggle, David., "Only Pay For What You Throw Away", in BioCycle, February 1989, pp.
39-41.
28Stone, Sarah, and Ellen Harrison, "Residents Favor User Fees", BioCycle, PA, August 1991,
pp. 58-59.
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differential costs associated with different wastes. Each waste has a different
intrinsic liability (or benefit) associated with its disposal in each different
disposal mode. For instance, biodegradable wastes in landfills give off
methane which can be toxic to animal life, promotes explosions, and
contribute 50 times as much atom-for-atom to greenhouse warming as carbon
dioxide. Household hazardous waste has a whole different set of liabilities
associated with it in a landfill. Pound for pound, each of these substances
costs the same in tipping fees at the landfill gates, but clearly they have much
different liabilities associated with them.
Even more significant, if the two are mixed, the liability associated with
the mixture is significantly different that the weighted average of the two. If
office paper is contaminated with solvent, the waste is much like hazardous
waste. If it was contaminated with yard wastes, the waste is much like yard
wastes. If it were contaminated with other paper, the waste would be
classified mixed paper. Since nearly all wastes are collected in mixed form
from households, the added liabilities associated with mixing of wastes can be
considerably higher than the sum of the separate liabilities. This
irreversibility is an important argument for the separation of wastes, and the
subsequent use of recycling by municipalities.
III. Linking Costs With Technology
To help connect the costs and benefits of waste management, Wilton
Manors, Florida uses a system for tracking curbside collection and
participation rates with hand-held computers. The city collection agency uses
the data to refund an average of $4 quarterly to every resident in the city. The
amount of rebate is directly tied to the amount of recyclables that the
municipality collects. The system numbers 83 percent participation and staff
send literature to the remaining 17 percent encouraging them to participate.
The collection truck driver enters information into the computer as the
driver moves from location to location during "dead" time. It is less
expensive, less time consuming, and more reliable than bar-coding. Several
other locations in Florida plan to experiment with the system in the future.29
Although the system does not really link costs and benefits exactly, it does
provide an incentive for influencing behavior of individuals.
29Lueck, Guada Woodring, "A Simple Way to Track - And Reward - Recyclers", Waste Age,
July, 1991, pp. 59 - 64.
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4.2.4. Sorting the Solid Waste Mixture
Integrated waste management practices attempt to solve half of the cost
linking problem by forcing waste generators to separate some of their wastes.
While separation is feasible and practical , the public will not automatically
accept and practice it. The true disposal costs differential for various
materials, if they could be accurately determined, may provide an
unambiguous basis for the determination of the most efficient allocation of
waste management responsibilities between the different disposal modes.
4.2.5. The Cost of Supply Side Management
To implement integrated waste management, legislatures have passed
many different laws requiring the introduction of different waste
management measures. Many laws set goals for recycling and waste
reduction, but few treat the demand side of integrated waste management.
The demand side of waste management consists of the outlets where the
recyclable wastes are reintroduced into the production process. Clearly, if
there is no demand for reclaimed materials, there is no economic reason for
reclaiming them. Furthermore, until materials are demanded, the economics
that provides the incentives to use alternate modes of waste management,
especially recycling, is partially a false savings to society.
The demand side problem is best illustrated by the turmoil in the
recycled paper industry. Municipalities who have established paper recycling
operations have seen their market for old newspaper literally turn upside-
down, with many actually now paying East Coast paper mills $10 per ton to
take their paper.30 In the newsprint industry, where unprecedented capital
expenditures for virgin wood pulping machinery in the late 1980s has
produced a 14 percent rise in US newsprint capacity alone, paper
manufacturers are responding slowly to the growing need for recycled paper
plants (especially in a recessionary market).31 Foreign market outlets have
not helped the situation either, since many foreign buyers, fully aware of the
situation in the recycling markets and not constrained by the anti-collusion
30Boroughs, Don L., "The Great Paper Pushers", U. S. News and World Report, August 26,
1991, pp. 48 -49.
3 1 Powers, Mary Buckner, "Paper Business is Turning Green", Engineering News Record,) December 16, 1991, p. 45.
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tenets imposed on American firms by the Sherman Anti-Trust Act, may be
working together to keep the price of paper artificially low.32
Furthermore legislators are not addressing the problem as quickly as it
is progressing. A survey of nine progressive legislatures showed that
although all but one of the states is actively encouraging the development of
markets for recyclables. However, according to Robert Turner, Senior Vice
President of Champion Paper, "It's the minimum recycled content standard
that is driving (the construction of the company's new $85 million newspaper
recycling plant)". Paper companies will only respond if the demand for the
recycled output is reliable. As shown in Table 4.1, substantial recycling goals
are being legislated in the States, but the plans for market development are
not as concrete as the plans for removal from the waste stream. For this
reason, it is unclear whether the current set of developing recycling policies
will actually benefit society in the short term.
Recycling
State Goal Market Development Plan
California 50% News publishers must use 25% recycled content, state agencies
will prefer recycled material procurement
Florida 30% State agencies will use composted material when feasible,
DOT exploring other markets
Louisiana 25% State agencies will prefer recycled material procurement
Maine 25% State agencies will prefer recycled paper procurement
New York 50% $3.5 million grant funded to establish secondary markets
North Carolina 25% State agencies required to purchase recycled material and
compost
Pennsylvania 25% Market research and development funded
Rhode Island 15% None
Washington 50% Market development committee formed to make development
recommendations
Table 4.1: Recycling Goals and Market Development Plans for Nine States 33
Even though markets are being developed in many places, many
aspects of the problem still are being neglected. Former EPA Administrator
William Ruckelshaus comments: 34
32Hemphill, Tom, Institute of Scrap Recycling, Washington, DC, personal communication,
December, 1991.
33Grogan, Pete, "Nine Legislatures Choose Weapons", Waste Age, February, 1990, pp. 52 - 58.
34Ruckelshaus, William D., "Getting Past the Crisis", Vital Speeches of the Day, June 21, 1991,
p. 767.
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Government can and should help recycling along...But although
recycling can be coaxed and encouraged, it cannot be bludgeoned
into being by broad statutes that do not take technology and
markets into account...States that have required newspaper to
use a certain percent of recycled newspaper have certainly been a
spur to the recycled paper market...Unless we give the secondary
materials markets time to grow, unless we protect it from wild
fluctuations in the price of materials, it will never mature, and
much of that carefully separated material will never leave the
waste stream.
The problems in the recycling market are not limited to the paper
segment. Bottle and can deposits, originally intended to curb littering, may
also have adverse effects on recycling. Since many states have bottle and can
refund legislation, much of these materials are preferentially removed from
the waste stream and therefore are not available for collection by curbside
recyclers. The significance of this is evident when the revenues from the sale
of the recyclable materials is examined. In Rhode Island, where there is no
bottle return legislation, nearly 60 percent of the revenue from recycled
products is derived from aluminum can sales.35 The recycling program in
7} Rhode Island earns most from can recycling since the aluminum market is
established, rather stable, and the value of the metal is high. In States where
bottle legislation removes a large fraction of the aluminum from the
recyclable stream before collection, the revenues from collection are lower.
4.2.6. Education
Public education is a necessary component of any integrated waste
management system. In the past, local, state, and federal authorities have
stressed education for the students in public and private primary and
secondary schools (grades K - 12). While these are necessary for planning for
the future, implementing programs today requires targeting everyone,
including adults and companies. A fundamental but effective method of
public education is providing feedback to individuals about their habits. If
the public knows the costs and benefits of waste disposal, as in the case of
Wilton Manors, Florida, individuals will be motivated to change their habits.
35Watson, Peter, Regional Vice President (Northeast Region), Browning-Ferris Industries,
Boston, MA, personal communication, December, 1991.
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Individual motivation is an extremely important step in alleviating any
diffused problem such as waste management.
4.2.7. Problem of Accurate Unambiguous Data
A final, pervasive problem that arises from the introduction of
integrated materials management, is that no numbers describe the actual
waste stream at any location particularly well. The EPA/Franklin Associates
model is likely the most referenced model of solid waste management in the
US. 36 Most studies are either based on the work done by Franklin, or
reference Franklin studies for statistical and factual support. Their June 1990
report entitled Characterization of Municipal Solid Waste in the United States, 1990
Update is the most recent and most comprehensive source of data on the past,
present and future makeup of the municipal solid waste in the entire nation.
The Franklin data is gathered from two types of sources: site specific
sources where actual samples of waste are sorted and weighed, and a material
flow model that utilizes nationwide production data for materials and
products to determine the waste stream, with adjustments for product
lifetimes, imports and exports.3 7 The data given in the majority of the
Characterization study was determined using the latter technique, with the
notable exception of food and yard waste statistics which were approximated
using the former. It is also important to note that wastes other than those
classified as "municipal solid waste" by the EPA, such as construction and
demolition wastes or waste combustion ash, are not included in the Franklin
estimates.
Since Franklin estimates are based on the material balance of the
nation as a whole, they may not be suitable for determining either the present
or the future composition of any particular locale's waste composition. Also,
the Franklin estimates only give numbers for the municipal solid wastes that
are generated in the nation each year, while regulators must generally plan
for management of the total waste stream in their jurisdictions.
There is no hard and fast method that can be used to correlate the
Franklin estimates to localities. Planners then are forced to make
assumptions, develop similar models, or guess to determine the true
36Franklin Associates, Prairie Village, Kansas.
37US Environmental Protection Agency, Characterization of Municipal Solid Waste in the United
States: 1990 Update, Report of the Municipal Solid Waste Task Force, Office of Solid Waste,
Washington, DC, June 1990.
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numbers. Previous and current local waste composition studies of the area,
local waste management and disposal data, local economic data (including
measures such as employment, income, local industry types and mix, and
estimates for future growth), and information about climate can prove to be
invaluable for calculating actual waste estimates for a particular area.
Although the Franklin data is nearly universally accepted, there are
known discrepancies between the studies and a particular locale's waste
composition. Chaz Miller of the Glass Packaging Institute has expressed
concern at least over the Franklin figures regarding glass materials in the
study. He argues that Franklin's numbers must be too large for the New
England area since they exceed the total number of glass bottles produced and
imported into the region by a significant margin.38
In a 1990 study conducted by the editors of BioCycle magazine,
administrators principally responsible for their state's municipal solid waste
indicated that 80 percent of their waste streams (combined for the nation)
were landfilled. 39 In an EPA estimate for the previous two years, 1988-1990,
the agency concluded that 73 percent of all US wastes were landfilled.40 The
differences between the two studies are not temporal, because if anything the
trends are indicating that the opposite is occurring and less waste is entering
landfills yearly. They are more likely the result of several problems: non-
uniform definitions of wastes throughout the nation (which naturally leads
to differences in weight of wastes counted), differences in accuracy by state and
locality, and the unavailability of certain data.41
The problem of the differences in statistics is more important than
readily apparent. Waste managers must have intimate knowledge of the
waste stream to plan effective and efficient integrated solid waste
management programs. This practice requires that waste management
planners also incorporate important local effects such as the temporal
fluctuations in the waste stream to determine the actual capacity needed to
38Miller, Chaz, Conservation Law Foundation, letter to Massachusetts Department of
Environmental Protection dated August 30, 1991.
39Glenn, Jim, and David Riggle, "The State of Garbage in America", BioCycle, April 1991,
pp. 31 - 38.
40US Environmental Protection Agency, Characterization of Municipal Solid Waste in the United
States: 1990 Update, Report of the Municipal Solid Waste Task Force, Office of Solid Waste,
Washington, DC, June 1990.
41US Congress, Office of Technology Assessment, Facing America's Trash: What's Next For
Municipal Solid Waste?, US Government Printing Office, Washington, DC, October 1989.
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meet disposal needs throughout the year and into the future. Fluctuations
occur in many waste components due to the local mix of industry, the
climate, the demographics, and the level of income. In some regions these
factors are likely to follow national averages, but this assumption cannot
always be made. Estimates of actual temporal patterns in the geographic area
of interest should be determined to accurately forecast future needs both
through a season, and over the planning horizon.
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Figure 4.2: Seasonal Variation in Waste Generated in Cape Cod,
Massachusetts 42
For example, in Cape Cod, summer tourism influences the waste
stream heavily, and seasonal data must be used to forecast the disposal needs
42Goldman, Matthew, of Roy F. Weston, Inc., Facility Sizing in an Integrated Solid Waste
Management System, presented at ATSWMO National Solid Waste Forum, Lake Buena
Vista, Florida, July 21, 1988, adapted from Figure 3, p. 11.
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for the area with any accuracy. Figure 4.2 shows that the waste disposal
requirements triple due to the seasonal influence of tourism on the area.
Although this is a relatively extreme example of temporal effects, seasonal
influences must not be overlooked when determining the waste
management needs of an area.
Other effects, such as those peculiar to the use of different waste
management technologies, should not be neglected either. Waste
combustion apparatus is limited specifically by the heat output capacity of the
boiler, the design waste storage capacity built for the plant, the local delivery
infrastructure that is available to transport the generated waste to the plant,
scheduling of maintenance on the equipment, and unscheduled outages that
can occur at random. Recycling and composting rates are also likely to vary
throughout the year and between regions. Furthermore, waste management
methods may not affect every area equally, especially in an area like Cape Cod
where the seasonal population may not be sensitive to deposit taxes, waste
bans, or even the commonly proposed incentives that link cost to generation.
In most regions, aggressive recycling and composting programs are
likely to reduce peak demand requirements. Demand surges in peak summer
months from yard wastes can be affected largely by bans on landfilling and
combustion of these wastes. Analysis from American Ref-Fuel indicates that
peak generation rates could be reduced by nearly half, from 30 percent to 15
percent above the yearly average due to these types of laws alone.43
These problems naturally underscore the need for specific regional data
for forecasting future waste management needs throughout a locality that can
be used to determine the effects of the changing waste stream on that
particular locale's waste management capacity. Localities should commit to
regionalization of their solid waste management infrastructure to profit from
economies of scale in facility operations and environmental controls, and
ease of monitoring for compliance.
Another reason for the regionalization of waste management is that
centralized, as opposed to small-town, decision making may result in more
efficient solutions for regional waste management problems regardless of
scale. Also, operational redundancies can be reduced or eliminated through
regional analysis. Siting difficulties may be less troublesome since fewer
43Simmons, Stephen W., of American Ref-Fuel, letter to Massachusetts Department of9 Environmental Protection dated August 29, 1991.
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facilities will need to be constructed. Since it is impractical to transport waste
very large distances, regional solutions should be more desirable than out of
region ones because transportation associated costs, including environmental
costs, are lower.
Modelling for planning purposes should also be performed on a
regional level to be most cost effective. Regulators should attempt to
minimize total costs when determining locations for new waste management
facilities. Using a model that incorporates all the effects of the solid waste
management system regionally, including collection, transportation, specific
facility characteristics, as well as the characteristics of any new addition, will
enable decision makers to perform complete impact analyses. Only through
this process will regulators be able to determine the true effects of different
technologies on the existing system.
Franklin Associates provides an estimate of the future changes in the
generation and composition of waste streams in their report. These
calculations may or may not accurately reflect the actual variations that any
region will experience, because national statistics remain constant even when
the shifts occur between states and regions. Two possible influences may
provide some measure of this change: the change in absolute population of
the region, and, change in the relative mix of waste due to changes in
commercial firm demographics in the region.
The change occurring in the area's firm demographics is possibly most
important. Throughout the 1980s, service based industry has come to replace
a noticeable fraction of the industrial and manufacturing businesses in some
metropolitan areas. These changes can produce differences in the waste
composition from various influences. Service firms usually produce more
paper wastes and less material wastes than industrial firms. Manufacturing
firms often produce wastes that largely remain outside the municipal waste
stream and therefore are not counted in current estimates. As a result,
relatively larger amounts of service firms will tend to increase the per capita
waste generation from commercial sources. 44 Currently, the Franklin model
incorporates some of these influences at a national level, but how well they
44Greenbaum, Daniel S., and John P. Villars, Toward a System of Integrated Solid Waste
Management: The Commonwealth Master Plan, Office of the Secretary of State: Boston, June
1990.
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coincide with the economic conditions in Massachusetts is not currently
known.
To adequately forecast for the future, decision makers should begin to
think about their areas in a manner that approximates the actual regional
conditions. This method will provide regulators with the true levels of
impacts of present, as well as proposed facilities, which in turn would enable
them to evaluate the choices much more clearly.
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5. Setting the Agenda: Solid Waste Decision Making
Solid waste management is a necessity that has become routine and
taken for granted by society: we put out the trash and someone picks it up.
This is the extent of the consideration that most citizens give to the solid
waste management system - until it malfunctions, or, as has become more
likely these days, industry or government makes a proposal for siting a new
waste management facility in their neighborhood or town. The system has
become so commonplace that people often forget that managing the millions
of tons of waste generated in the US every year is literally a huge job, and
constitutes a quickly growing $30 billion a year industry, that the National
Solid Waste Management Association expects to reach $50 billion by the mid
1990s. 1
To keep the system performing smoothly and to avoid citizen protests
regarding siting or any other management problems requires prudent policy
assessment and implementation. Meeting social goals associated with
commonly held beliefs such as truth, equity, cleanliness, safety, and so on is
always in society's best interest, but implementing real programs guided by
these ideals is not a menial task. Therefore decision makers typically rely on
the market test of efficiency to evaluate the programs proposed to meet social
goals. If this procedure goes awry, society throttles it through other venues
such as protest, the courts, referenda, and so on.
Policy making for solid waste management is unlike policy making for
other environmental areas such as air pollution or water pollution since the
solid waste problem is much more decentralized than other environmental
problems in many ways. Also, the federal government has traditionally left
the actual authority over solid wastes to the states (see Chapter 3). Decisions
on a particular solid waste policy at a state level translate directly into the
siting of a facility in the vast majority of cases, while new air and water
legislation simply require changes at new and existing facilities.
Policy making for solid waste management is also different since the
scale of effective management for solid waste systems should be smaller than
either air or water policy making. Economies of scale serve to discourage
small scale projects for solid waste management, and transportation costs
1Wingerter, Eugene J., "Where is the Waste Industry Going?", Waste Age, April 1990, pp. 281
-284.
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serve to limit the size of a large scale operation. Therefore, a regional, rather
Sthan a small local or national system, is more appropriate for solid waste
management. This fact helps to substantiate the federal position that states
should have the purview over their own solid waste management system,
and also has important implications for decision making and
implementation (siting).
Solid waste management facilities are large investments that
businesses and private citizens inevitably pay for directly, through taxes and
fees. The amount of public dollars spent on solid waste management for
municipalities and households is significant, even though it reflects only half
of the total amount spent in solid waste management. In fact, according to
Willa S. Kuh, head of the Massachusetts Department of Environmental
Protection, Division of Solid Waste, the largest or second largest expense in
every town in Massachusetts is the management of solid waste.2 Therefore, it
is imperative that policymakers arrive at the best management solutions.
These must include not only the proper management modes that will
provide efficient and effective services to the public, but they must also satisfy
the public as suitable parts of the community.
Determining how society should protect the environment from the
market is not a menial task. Questions about how, and how much, are always
the subject of debate in federal, state, and local forums. The complexity of the
de•:.,sion is not apparent unless the root of the problem is understood.
5.1. Market Failures and Environmental Problems
Traditionally, solid waste management, like many other
environmentally related services, has been examined and guided using
environmental economics. To understand the process, one must understand
its economic foundations. The analysis of the processes both serves to help
understand the nature of environmental problems and bring out the current
dilemmas of policy making for solid waste management.
Many environmental problems, including solid waste management,
stem from the inadequate property rights scheme inherent in a market based
economy. The market system proves inefficient for numerous
environmental resources that lack one or more of the four property attributes
2Kuh, Willa S., Director, Division of Solid Waste, Massachusetts Department of
Environmental Protection, personal communication on November 22, 1991.
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necessary for efficient transactions: Universality - where all property is
privately owned and all rights are specified in their entirety; Exclusivity -
where only the owner or his assigns receives all of the benefits from the
property; Transferability - where all rights can be freely traded voluntarily;
and Enforceability - where others cannot receive benefits from the property or
its use involuntarily.3
The inability to provide adequate property rights for many
environmental goods allows the private calculus that determines private
costs to diverge from society's cost calculus, and the market cannot easily
reconcile the two. Thus the market alone cannot efficiently provide
environmentally related services like solid waste management. For instance,
the private cost for a landfill owner to use the atmosphere as a dump for the
greenhouse gas methane is insignificant while the total social cost of its
effects, that may be linked to greenhouse warming, may well be high indeed.
5.1.1. Externalities
When rights are universal, exclusive, transferrable, and enforceable,
the market will naturally allocate an efficient balance of rewards and
3) penalties. Therefore if costs exceed benefits, actions are not taken. However,
if all costs are not realized, or stated differently, if there are costs "external" to
the calculus of the individual in the market, the market will not serve society
efficiently. In this case some agent in the market benefits at the expense of
one or more others. This phenomena, called externalities, is often cited as the
most important cause of environmental problems. Examples of externalities
related to solid waste management are abundant. The most commonly cited
include: discharge of effluents into air or water, drops in land prices due to
the siting of an unwanted (or desirable - which will yield positive external
effects) facility built in an area, disease transmission from waste storage,
rodent and insect breeding from waste, and leachate discharges to
groundwater.
The existence of negative externalities provides incentives for actors in
the market to produce more of these environmental problems than would
otherwise be produced since the cost of the externality is not considered in the
price of the good. Accordingly the good will inevitably be priced too low.
3Teitenberg, Tom, Environmental and Natural Resource Economics, 2nd Ed., Glenview IL:
SScott, Foresman, and Company, 1988, pp. 38-62.
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Also, more negative effects are created than would otherwise be, since the
1) market doesn't price their value. Further, there are no incentives for
producers to conserve the resource damaged by the externality.
The difficulty for solid waste managers arises when they must define
and quantify externalities for planning purposes. Then, the policy maker
must be able to introduce the cost of the externality into the producers' costs
of business to correct the market's failure.
5.1.2. Common Property
Another similar natural downfall of the market related to property
rights occurs when property is not exclusively controlled by a single entity.
This type of property, also called common property, is accessible to all and
usually exploited on a first come first served basis. Air, surface water,
groundwater, the sea, wildlife, and even a large pool of oil (under certain
conditions), are common property resources. When a common property
resource becomes scarce, it is only exploited more intensely because no
individual has the incentive to conserve since individuals compete for its
use.) Garrett Hardin, noted economist and author, perhaps characterized the
nature and root of the problem best in his classic article "Tragedy of the
Commons." 4 In this treatise Hardin demonstrates how rational economic
actors (cattle herdsmen) are compelled to ruin (through overgrazing) their
common resource (a common grazing area) for economic gain simply because
of human nature (each continues to add cattle to maximize his perceived
economic gain - since the effect is more positive to have another head of
cattle than is negative to have another shared increment of overgrazing in
the common). This tendency holds for any scarce common property resource.
Many externalities from solid waste management influence common
property resources, but the effects are very difficult to quantify. The costs to
these resources are distributed and very difficult to value since the
incremental benefit to the public is very diffused. Likewise the science used
in evaluating the real effects of solid waste management activities is
unrefined, so even if costs could be calculated, the processes that cause them
are not easily quantified.
) 4Hardin, Garrett, and John Baden, Managing the Commons, W. H. Freeman, San Francisco,
1977, Ch. 3, "Tragedy of the Commons", pp. 16 - 30.
131
5.1.3. Public Goods
Public goods, a third downfall of the market property system, are those
goods which are not only freely accessible to all, but are indivisible when
consumed. Consumption is indivisible when one actor's consumption does
not diminish the amount available for another. Pure public goods are
described by three attributes: Non-provision, Non-rivalry, and Non-
excludability.5 These problems with public goods are often cited examples for
the need for the public sector for the provision of public goods.
I. Non-Provision
Non-provision refers to the idea that the marketplace will not
automatically provide some beneficial goods because they require consensus
building in society. There are two impediments to the private provision of
any public good: free-riders or holdouts, and transaction costs.
Free-riders and holdouts realize that one group, that needs some public
service the most, may provide it at their own expense, leaving the free rider
to enjoy the public good at no expense. If many hold this logical, but
sometimes counter productive attitude, a necessary public good will be grossly
under-provided, or not provided at all.
Market systems cannot avoid the free-rider because all agreements in
society require time, effort and usually cost to negotiate, execute, and enforce.
These transaction costs tend to also inhibit societal gains from collective
action.
II. Non-Rivalry and Non-Excludability
Non-rivalry refers to the notion that one person's consumption does
not significantly affect the consumption activities of another. Non-
excludability refers to the fact that one cannot be kept from enjoying the
benefits of a public good.
5.1.4. Consequences of Market Failures
The cleanliness that comes from proper solid waste management is a
perfect example of a true public good that cannot be reliably provided in the
market. Solid waste management externalities include effluents, emissions,
5Stokey, Edith, and Richard Zeckhauser, A Primer for Policy Analysis, W. W. Norton and
Company, Inc., New York, 1978, pp 291 - 308.
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and other problems such as leachate, methane, runoff, combustion air
emissions, wastewater discharges, waste hauling emissions and noise,
rodents, insects, birds, and foul odor.
Market failures prevent the private sector from providing the services
needed to guard common property from externalities and provide necessary
public goods; these must be facilitated by the government. Determining how
to accomplish this is usually the largest source of contention that arises in the
management process. Since the government must determine the proper mix
of services to serve the public interest adequately, many groups attempt to
influence the outcomes to suit their particular agendas.
A final consequence of market failures concerns decision making and
the problem some authors have called framing. 6 Different people have
different values and each will perceive, or frame a particular problem
differently. Unfortunately (for economists, decision makers, and industry),
all these points of view are valid to the individual since they develop from
innate philosophical views. Therefore, individuals (and groups) with a
particular philosophical bent can never be argued from their position about
environmentally related issues based on the logical reasoning of another
individual's considered, substantiated, but different philosophical point of
view - they can only rationally bargain for the values they cherish most.
Decisions regarding market failures are the subject of considerable
controversy because they cannot be analytically resolved, but require
judgements based on values. Groups perceive them differently based on how
they frame the issue.
5.2. Economics Decision Making for Public Management
While environmental economics offers several insights on the sources
and costs of environmental problems, more traditional economic methods,
adapted for this purpose, provide a decision making rationale. Although the
economic model is generally a useful guide for understanding relationships,
it does not provide either precise or flawless conclusions. While it may be
most useful for systematically thinking about the future, its drawbacks always
provide formidable obstacles for decision makers.
6Rein, Martin, and Donald Sch6n, Frame Critical Policy Analysis, working paper,
Massachusetts Institute of Technology, March, 1986.
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The chief decision making criterion that should be used in economic
evaluations is whether or not society maximizes the value of its
environmental asset. In a perfectly competitive, or utopian market, the
transactions leading to economic efficiency would occur naturally since every
fully informed rational actor attempts to maximize his net benefit, and
therefore would buy, sell, or otherwise bargain if an advantage were available.
Each actor is fully informed and there is no cost for transactions in the
utopian case, so the market guarantees efficient outcomes. Individuals make
decisions by comparing benefits and costs of any transaction or project and
making those that provide gains. However, in practice, the market is not
perfectly competitive, and in general efficient outcomes for environmentally
related industries like solid waste management must be ensured by
government intervention.
5.2.1. Two Decision Making Models
While many different decision making models can be used to evaluate
programs and policies, two prominent ones will be considered: benefit-cost
analysis and multi-attribute analysis. Each has its strengths and weaknesses
and each is better suited to specific sorts of management problems.
Traditional use of benefit-cost analysis for most public decisions may not
currently be the most effective decision method, especially for managing
environmentally related activities such as solid waste management. Multi-
attribute analysis is currently used in policy analysis, but is not nearly as
common as benefit-cost analysis.
I. Benefit-Cost Analysis
Benefit-Cost Analysis (BCA) in some form or another is used for a
variety of public and private choices. It is intuitively simple, and relatively
accepted by society as a logical form of decision making analysis. To use the
technique, the decision maker must compute all the costs and benefits
associated with a decision, and act on the decision only if there is a net benefit.
The technique, if used properly, with maximization of net benefits
over the set of all alternatives as the decision making criteria, provides a
decision that is also the most efficient allocation of resources. Another plus
for the technique is that it provides an unambiguous (numerical) result that
is easily interpreted by decision makers. Furthermore, BCA is attractive
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because the public can easily understand the results (even if the assumptions
2d are faulty or biased).
II. Difficulties of BCA
Several subjective problems plague BCA when evaluating tradeoffs
between social or environmental resources: the choice of the discount rate,
valuation of non-market goods, and the scope of the analysis. These three
problems arise from the differences in philosophical, conceptual, and even
analytical foundations as well as the practical ramifications of BCA
implementation. They inevitably provide the basis for challenges that cannot
be refuted simply by an "appeal to the facts."
A. The Discount Rate
The most noteworthy and controversial downfall of the technique is
the choice of the discount rate. The discount rate influences the value of the
future net benefits significantly, but is not an easily definable quantity since its
calculation requires subjective judgements. This determination is significant
when different programs are compared since the magnitudes of the programs'
effects depends on the choice of interest rates. Unfortunately the use of a
discount rate is unavoidable since future costs and benefits are always
associated with any policy decision.
There are two opposing viewpoints on the choice of the discount rate
as it is applied to social or environmental assets. The first maintains there
should be no difference between the discount rates demanded by firms in the
market and those adopted by society, since both the public and the private
sector determine the utilization of resources. A difference in rates would
preclude an efficient outcome.7 The second can be substantiated by the
argument that there should be different rates since the valuation of
collectively derived benefits and costs is inherently different from private
ones.8
The absolute magnitude of the discount rate is also at issue since it is
not difficult to imagine differences between discount rates for many different
members of society. Poorer social classes generally have higher implicit rates
7Baumol, W. J., "On the Discount Rate For Public Projects", American Economic Review, pp.
489-502.
8Marglin, Stephen A., "The Social Rate of Discount and the Optimal Rate of Investment",
Quarterly Journal of Economics, Vol 77, 1963, pp 95-111
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of return than relatively richer ones. Hausman estimated these differences in
a study on the consumer preferences in room air-conditioners. He concluded
that for some of the lowest income classes (less than $6,000 per year), the
implicit discount rate was approximately 89%. The study also indicates that
the rate decreases substantially to 5.1% as income class rises to the $35,000 -
$50,000 range. 9 Since all members of society are ultimately affected by policy,
it is unclear whose rate is most appropriate to use or how it should be
calculated.
B. Valuation of Non-Market Goods
Another important problem encountered when using the BCA is t>e
valuation of assets such as public goods and common property that must be
included in any proper analysis. Valuations, like determinations of discount
rates, are highly subjective and can be related not only to personal differences
in occupation, social status, income, race, religion, or personal philosophical
beliefs, but to type of amenity, and relative cost. Wealthy individuals will
usually value aesthetic environmental amenities such as the purity of area
lakes and groundwater more than poor individuals who may be more
concerned with basic needs such as employment, taxes, and so on.
3) The anthropocentric, or human-centered viewpoint is commonly used
as a basis for for valuation where man's well-being and the effects experienced
by humans are the only considerations used in judging the merits of a
particular choice. Depending on one's philosophical point of view, this may
or may not be a just simplification. Even when made, questions regarding
the valuation of assets such as human life or aesthetics remain to be
quantified. Many questions like these must be answered before applying the
BCA test, but no single person or group holds the correct answer because
there is no "proper" point of view from which to derive a single, correct
answer.
Attempting to estimate what the public regards as the value of
common property and public goods can be difficult if not misleading. Many
schemes, such as contingent valuation methods (CVMs), are used to estimate
the value of non-market goods in the water resources field. They actually
9Hausman, J. R., "Individual Discount Rates and the Purchase of Utilization of Energy-Using
Durables", The Bell Journal of Economics, Spring 1979, pp 33 - 54.
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attempt to determine the public's willingness to pay for a particular
3 environmental amenity by survey or inference.
A study in Hawaii regarding endangered species concluded that results
of surveys can be easily influenced by the actual survey (bidding game,
surrogate market model, etc.), or even the person giving the survey.'0 Other
studies show similar problems with this type of method. While some may
argue otherwise, attempting to value these environmental amenities only
promotes public mistrust when bureaucrats try to decide on actions at the
margin, based on these types of results. While these sophisticated techniques
are informative, they are only substitutes for real decision making
information such as what the stakeholders really value in a situation.
C. Scope of the Analysis
A good BCA should include a measure of all the impacts that are likely
to occur from a particular policy choice. This brings up two issues. First, the
environment is a natural ecosystem, interconnected in many ways, and it is
unclear how much the effects and secondary effects can or should be
estimated. Second, common practice neglects many different effects anyway
because they are difficult and very costly to determine. Before a regulator
makes a decision for solid waste management policy changes, or before an
agency promulgates a rule, a typical requirement is a regulatory impact
assessment - which is in essence a type of BCA. Agencies must provide a
comprehensive assessment, which measures costs and benefits to the area
influenced by the particular action. The decision process becomes very
controversial when extra-market benefits that have no "market" price are
included, so many times the exercise becomes one of estimating the costs
incurred by the change.
For example, the summary for the regulatory impact analysis (RIA) of
the 1991 EPA municipal solid waste landfill regulations, printed in the
Federal Register, provides a indication of typical shortcomings of benefits
estimations: 11
10Samples, Karl, John Dixon, and Marcia Gowen, "Information Disclosure and Endangered
Species Evaluation", Land Economics, Vol 62, 1986, pp. 306-312. from Mark Sagoff, The
Economy of the Earth, Cambridge University Press, Cambridge, 1988, p. 29.
11US Environmental Protection Agency, "Solid Waste Disposal Facility Criteria (40 CFR
Parts 257 and 258)", Federal Register, US Government Printing Office, October 9, 1991, p.
50985.
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There are several limitations to the benefits analysis that should
be recognized. Only benefits concerning ground-water
contamination are considered (in this assessment)...
The true range of environmental impacts for solid waste management is
obviously much larger than the analysis has taken into consideration.
D. Other Problems Associated with Benefit/Cost Analysis
Another problem associated with the use of Benefit/Cost Analysis is
the class of problems dealing with uncertainty in future outcomes.
Uncertainty about outcomes or probability, and decision irreversibility is
never explicitly considered in BCA calculations. These variables become
important when one considers environmental issues where uncertainties
exist about many elements such as the success of new technologies (or worse,
its adverse side-effects), the actions of the public, or the response of the
environment to man's influences.
Risk is also an increasingly difficult problem to measure with tangible
costs and benefits even through the choice of discount rate. Unfortunately,
risk determination is not a field characterized by undisputable scientific facts
and precise analytical methods. For instance, many researchers question
results on the basis of controversy over actual disease producing mechanisms,
inter-species compatibility for results of testing, dosage scaling in testing, and
bias depending on professional ideology. 12
The risk problems are even more confusing to sort out because the
public does not seem to have a good perspective on the relative risks of
environmental problems. According to year long studies by three of the
EPA's regional offices, the most important and consequential environmental
problem facing humans is by far indoor air quality, not the more commonly
mentioned problems such as global warming, incinerators, or nuclear power
plants.13 So the question of risk is enlarged by the need to determine the
relationship of scientific evaluation of risks and the opinion of the public
about it.
12Hattis, Dale, and David Kennedy, "Assessing Risks form Health Hazar'.': An Imperfect
Science", Technology Review, May/June 1986, pp. 60 - 71, and, Ashford, Nicnolas A., Crisis in
the Workplace, Cambridge, MA, MIT Press, 1976, pp 115-124.
13Long, Janice, "EPA Focuses on Environmental Problems Posing Least Health Risk", Chemical
and Engineering News, January 15, 1990, pp. 16 - 17.
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Distributional effects are also difficult to reconcile using BCA. The
technique does not value the relative effects on different groups, only the net
benefit or cost. In rendering a decision, BCA may prescribe a solution where
one group must bear most of the action's consequences. Efficiency criteria
indicates that the properly done BCA allocation is the most efficient available.
The contention also rests on the allocatory efficiency of markets. For many
transactions to be acceptable, gainers are required to compensate losers so all
will receive some net benefit. Whether this really happens or not is unclear.
If it does then why are so many environmental liabilities located in poor
neighborhoods?
Given these drawbacks, a summary of the important strengths and
weaknesses of BCA as a tool for the analysis of public policies is given
below. 14
Strengths of BCA:
* Provides a framework for systematic consideration of tradeoffs.
* Helps prioritize alternatives and highlights poor alternatives.
* Enhances consistency among and explicitness in decisions.
Weaknesses of BCA:
* Tends to disregard other factors besides efficiency such as ease of
administration, political efficacy, or distribution equity among
groups.
* Must reduce asset valuation to common currency (for example utils
or dollars)
Decision makers must carefully control the use of BCA to avoid the
aforementioned pitfalls. To reduce the chances that the method will provide
questionable or faulty results in the analysis of public interest, BCA should
not be the only rule by which decisions are made. Also, difficult to quantify
and uncertain assets should be clearly noted during the decision process and
sensitivity analyses should be conduced to discern the effects of all asset
valuations.
III. Multi-Attribute Analysis
To help mitigate some of the problems associated with BCA, one may
look to socioeconomic theory for a more effective decision making model
14Adapted from Liroff, Richard A., "Cost Benefit Analysis in Federal Environmental
Programs", from Cost Benefit Analysis and Environmental Regulations, Daniel Schwartzman,
Richard A. Liroff, and Kevin Croke, Eds., Conservation Foundation, 1982.
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that avoids some of the pitfalls associated with BCA. An alternative method
of decision making, multi-attribute analysis, may be effective. 15
A multi-attribute analysis itemizes all the different impacts associated
with the current system to show how additions and changes affect its future
performance. It can be developed two ways, on a continuous tradeoff basis, or
on a discrete scenario basis. The continuous tradeoff method posits a
relationship between two different attributes that describe the system's
performance while the discrete scenario analysis assumes that some finite
number of choices are available to the decision maker which cannot be scaled
easily to provide any continuous tradeoff function or relationship.
For solid waste management, investments are few, usually large, have
economies of scale, and a scale threshold. Also, most facility builders only
supply discrete facility sizes because plans and components are very
specialized and engineering costs are high. Therefore, continuous tradeoff
analysis is not discussed because it is not suitable for solid waste management
analysis since it would be an unrealistic way to model the system.
For discrete, or scenario analysis, a set of different alternative actions is
entered into a (computer) model of the system of interest which yields a set of
i) discrete outcomes. Different scenarios produce different effects according to
the choices that planners wish to evaluate. Environmental fluctuations and
general market expectations are explicitly included in the model to capture
the influences of uncertainties directly.
To provide a proper evaluation using multi-attribute analysis, one
must determine all the characteristics of the system that is being modelled.
For solid waste management, these characteristics correspond to all the
different impacts associated with the manufacture, use, generation, and
disposal of products and materials that end up in the waste stream.
Although determining all the information associated with every
product and material in the waste stream may seem to be a formidable task, it
can be simplified significantly by noting that there are relatively few
categories of waste, and relatively few modes of waste disposal or
management (see Chapter 2). Furthermore all these are adequately known
and understood so they can be modelled relatively easily at the level of
15Stokey, Edith, and Richard Zeckhauser, A Primer for Policy Analysis, W. W. Norton, New7) York, 1978, Ch. 8
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precision necessary for understanding the tradeoffs between different
management modes.
Scenarios are developed from two sets of data: a set of the options that
the groups determine best suit their interests, and a set of the uncertainties
that the groups determine are associated with the future state of the system.
Separate scenarios are developed for the combinations of all options and
uncertainties. Once run through the model, each separate scenario
determines a future outcome of the system.
I i i I1 0
2 4 6 8 10
Environmental Impact Measure
Figure 5.1: Example of Single Tradeoff Graph From Multi-Attribute Analysis
Once the effects of the scenarios are tabulated, the data is presented to
decision makers. Tradeoffs between different scenarios are presented in a
series of graphs which contrast two attributes at a time. Typically, cost is
traded against some measure of environmental degradation as shown below
in Figure 5.1. In this instance, it is preferable to select alternatives closer to
the origin since the object of the exercise is to minimize costs and
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environmental degradation at the same time. The series of graphs will show
the explicit tradeoffs between one measure and another.
IV. The Benefits of Multi-Attribute Analysis
Multi-attribute analysis provides decision makers with a clear, pictorial
representation of decision tradeoffs. Using these types of graphs, the
alternatives farthest away from the axes, the dominated alternatives, can be
ruled out immediately. Every stakeholder will agree that the decision set of
alternatives is that set that lies closest to the axes. This non-dominated group
represents a pseudo-pareto-efficient frontier (false since it does not include
every conceivable option) that shows the actual tradeoffs between scenarios
along a frontier of best alternatives. This set of preferred alternatives, also
called the decision set, not only reduces the acceptable choices, but also
reduces the number of issues that must be addressed. 16
Multi-attribute analysis enables the decision maker to consider the
impacts of a multiplicity of choices on the entire system. In this way, decision
makers avoid the trap of issue specific decision making. Many solid waste
management decisions are made in an issue specific forum and simply treat
one aspect of the solid waste management problem at any particular time.
When most solid waste management facilities are proposed, planned, and
built, the project is sponsored by industry for the "demonstrated benefit" of
the area which does not necessarily reflect the optimum strategy for the area.
The tradeoffs between effects of implementing different management modes
are rarely explicitly considered in an attempt to create the true optimum
choice. Instead, the choices are motivated by narrow interest groups such as
environmentalists or waste management firms and determined for the
specific site and the specific mode.
This process can be seen at work in the legislature regarding the
interstate transport of waste. The important considerations that are being
discussed are polarized around two different issues: industry's contention
that it is less expensive to haul trash to a remote location than to use local
waste management alternatives at high cost locations; and, the counter from
residents and environmentalists that generators should be responsible for
16Stokey, Edith, and Richard Zeckhauser, A Primer for Policy Analysis, W. W. Norton, New
York, 1978, Ch. 8
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their wastes regardless of cost. 7 Neither side acknowledges that there may be
an alternative that incorporates both views that may be the true best
alternative for society.
Furthermore, the decision maker rarely considers uncertainty
explicitly. This is becoming more important since the waste management
field is changing so quickly. Recycling, as an alternative waste management
mode, has become increasingly politically efficacious, and no less than 48
states now have recycling or pending recycling legislation, with the number
of curb-side programs rising by 45 percent in 1989, and 78 percent in 1990.18
The uncertainty about the future mix of services should be included in any
assessment of the industry's needs.
5.2.2. Downfalls of Economic Models: The Need For Deliberation
Making policy really is a more complex social negotiation than one
may be led to believe based on the above description of the evaluations
performed and the economic models used during its prosecution.
Unfortunately for practical and philosophical reasons, we have not been able
to provide "closed form" economics based policy prescriptions. Like it or not,
some policies, even those we feel are the absolute best at fulfilling our social
goals, will not be adopted no matter how economically correct or socially
equitable they are. This problem is demonstrated by the difficulties associated
with the NIMBY syndrome where well-intentioned regulators, who truly
need a solution to a social problem, find public opposition that stymies even
their best plans.
It is a flaw to think that one can define and evaluate every policy choice
to the extent that the decisions that society will make can be forecast and
implemented without public input. Inevitably, economic analysis overlooks
social goals like equity and morality, as well as environmental goals.
Furthermore, there is good reason to believe that policies relating to the
purely social aspects of regulations, as opposed to the purely economic aspects,
17Weisskopf, Michael, "Carolina's Clash Over Toxic Waste: Sign of a Nationwide
Problem", The Washington Post, March 18, 1991, p. A7.
18Glenn, Jim, and David Riggle, "The State of Garbage in America", BioCycle, April 1991,
pp. 34 - 38.
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cannot really be adequately described by economic models owing to their basic
theoretical underpinnings. 19
Therefore, economics might best serve only to sharpen the debate, but
not make the choices that are more suited to deliberation, especially at the
margin. In other words, people may make enduring choices about the things
that influence them only through deliberation, negotiation, and agreement,
about the relevant issues in public forum.
The government often does not provide the means to allow
constructive public deliberations. Regulators have begun to use more open
methods of policy implementation as a straightforward solution to many
practical environmental issues, such as in siting necessary but locally
unwanted land uses. However, policy making through open deliberation and
negotiation has only really been used since 1991.20
Solving problems in this way may be better in the long run, but
consensus raising and deliberation in policy as well as specific program
prosecution is a slow and arduous process. In fact, an expert even suggests
that the process should deliberately be slowly implemented:21
When it comes to facility siting, it is often necessary to 'go slow
to go fast.' Opponents have numerous administrative and legal
means of slowing or even halting siting processes that they feel
excluded them. A good siting process allows all parties adequate
time to consider the full range of options and to weigh the
technical evidence as it comes in.
While this advice is aimed at siting of specific locally unwanted land uses, it
holds for solid waste management policy since nearly every solid waste
management solution requires some type of facility to be sited somewhere.
5.2.3. Developing the Best Decision
When the decision maker contemplates a policy option, it is not
enough to determine the costs and benefits of an action. The ultimate
19 Sagoff, Mark, The Economy of the Earth, Cambridge University Press, Cambridge, 1988,
especially Chapter 2, "At the Shrine of Our Lady of Fatima:; or, Why political questions
are not all economic", pp. 24 - 49.
20Susskind, Lawrence, and Gerard McMahon, "The Theory and Practice of Negotiated
Rulemaking", Yale Journal on Regulation, Fall, 1985, pp. 133 - 165.
21Susskind, Lawrence E., "A Negotiation Credo For Controversial Siting Disputes",
Negotiation Journal, Plenum Publishing Co., October 1990, p. 314.
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decision must be acceptable with those stakeholders that are impacted and
benefitted by it. In this respect, both BCA and multi-attribute analysis can
include the environmental costs and benefits in the decision making process.
The really important difference between the two methods is that a BCA
forces an analyst to present the information about an issue couched in the
decision maker's economic analyst's terms rather than the units they occur in;
a conversion that all the stakeholders may or may not agree with. Multi-
attribute analysis, however, can be made value-neutral to the group since the
group determines which attributes are important, and the analysis is
presented in the units that the attributes occur in (pounds of PCBs, or tons of
methane). No matter how technically right one may feel about the BCA
analysis, if it is disputed, the conclusions are worthless for both sustainable
policy making and the subsequent decision making that is necessary for waste
management.
Multi-attribute analysis can sidestep the value problem if all the
stakeholders really participate in the scenario building. Because the different
impacts are left in their original units, each stakeholder can provide his own
calculus for making the tradeoffs between and among alternatives.)• Another important virtue of multi-attribute analysis is that the
decisions for policy and implementation can be simultaneously explored by
the stakeholders themselves in public forum. Therefore, everyone agrees
that good decisions are made, and challenges to siting facilities will be
reduced, especially since the challenges over policy related questions will be
reduced because they are already addressed.
I. Success In The Electric Power Industry
The multi-attribute model has been successful in electric utility
planning in New England by the Analysis Group for Regional Electricity
Alternatives (AGREA).22 Like the solid waste management industry,
environmental concerns and consumer challenges have made the decision
making process for the electric power industry an adversarial one that focuses
on a specific issue (a rate setting hearing or a facility siting) rather than an
effective long-term strategy designed to provide the best long term solution to
a multi-faceted problem.
22The Analysis Group for Regional Electricity Alternatives (AGREA) is associated with the
Energy Laboratory of the Massachusetts Institute of Technology, Cambridge, Massachusetts.
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The AGREA model for decision making is not presented to the
stakeholders as a decision making model (even though the actual effect of the
process is to bring groups together to decide on difficult utility policy issues).
In fact, it is only used as evaluation and educational tool administered by a
neutral (largely academic) group that facilitates the analysis of the long term
goals based on the specific concerns of the stakeholders. The stakeholders
actually define the issues that are to be considered by the model so that they
only debate outcomes rather than assumptions that went into providing the
outcomes (a persistent problem associated with the use of BCA). Groups then
refrain from focussing on a single issue - and instead work together to find a
better future state where all can benefit.
The planning process begins by assembling the representatives of all
the different stakeholders who then meet to identify the issues that are
important to them. From the issues, the neutral advisory group develops a
set of attributes that can be used to measure the impacts on the different
issues. Then, a set of available options is matched with a set of uncertainties
that reflect unknown future conditions. A separate scenario is built from
each pair of option and uncertainty, and analyzed on the computer-based
electric power planning model that predicts the actual physical outputs of the
system. Once all the scenarios are run through a computer model, the results
are tabulated and presented graphically to the group. The group then
addresses the attributes and issues that are most relevant to the their own
perspectives. Poor, irrelevant issues, clearly dominated by better options are
eliminated from the discussion immediately.23
II. Adaptation to the Solid Waste Management Industry
The solid waste management industry in many ways parallels the
electric power industry. Both are required to be safe and reliable by law, and
each is dependant on large facilities to provide the ultimate service that the
customer needs. The solid waste management industry is, in fact, a utility of
sorts much like the electric power industry, only with less stringent
regulation. The solid waste system is currently in the process of changing
from the long-held modes of service to new and uncertain modes of
23Connors, Stephen R., Richard Tabors, and David C. White, Trade-Off Analysis for Electric
Power Planning in New England: A Methodology for Dealing with Uncertain Futures, Analysis
Group for Regional Electricity Alternatives, The Energy Laboratory, Massachusetts Institute
of Technology, Cambridge, Massachusetts, 30 pp.
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management. The solid waste industry is embracing recycling, composting,
and source reduction, much as the New England power industry is moving
away from coal and nuclear toward natural gas cogeneration - neither
industry knows the impacts that these will eventually bring.
Each industry has traditionally been regulated by a supply side set of
regulations, but each has recently been influenced by the coming use of
demand side practices. The uncertainties associated with demand side
regulation (waste minimization in solid waste management, and power use
minimization in the electric power industry) have been estimated, but are
essentially unknowable.
Both industries must serve a variety of stakeholders who have specific
interests in the outcome of a policy making forum and the inevitable
construction of a facility. For electric power, utilities worries about return to
satisfy its creditors, environmentalists worry about damage to the
environment, and the customers worry about the prices the utility will charge
for their electricity. The solid waste industry has similar concerns: firms
worry about returns on its investments, while the environmentalists worry
about environmental damages, and municipalities worry about the tipping
fees they will pay.
Each industry has seen its costs rise sharply in the last decades. The
waste management industry provided disposal for a few dollars a ton in the
1970s but recently has reached hundreds of dollars per ton in costs currently.
Likewise the electric power industry has worked through energy price shocks
and steadily increasing operating costs. Both have been impacted by many
and costly environmental laws.
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6. Conclusions: Two Types of Solid Waste Management Problems
The ways we deal with solid waste have always been an important
component of environmental management. Since solid waste problems date
back to the earliest organized human settlements (anthropologists usually dig
up solid wastes to learn about ancient cultures), it may be somewhat
surprising to some that solid waste problems have still managed to become
the center of much controversy even today. Unfortunately, in so many years
we have not solved the problem-in fact it may be worsening in the US.
Solid waste management is a difficult issue to resolve since it has the
potential to affect nearly everyone. This type of ubiquitous, environmentally
related problem has become more pronounced during the last few decades as
society attempts to adopt more environmentally benign practices and provide
sustainable management of resources. While solid waste management may
not be the most glamorous environmental issue, it is significant and timely.
The majority of the issues affecting municipal solid waste management
relate to one of two basic topics, market problems and decision making
problems. A variety of issues make up each topic, and most current waste
problems belong to one category or the other.
6.1. Market Problems in Municipal Waste Management
Two different markets are impacted by the waste management field,
the market for waste management services and the market for recovered
materials. The market for waste management services is dominated by the
large waste haulers and significantly influenced by the public sector, while the
market for recovered materials is young and experiencing growing pains in
many areas.
6.1.1. The Market for Municipal Waste Management Services
Waste management services are not commodity services like dry
cleaners or haircuts. In commodity service markets, there are many
competitive suppliers from which the customer makes a conscious decision
about when, how, and what haircut to purchase; and, he can even choose not
to have one.
The solid waste disposal market is not really characterized by any of
these statements. First, most consumers of waste disposal services, the
households, cannot decide when to purchase waste collection. As a
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consequence of the nature of the system that supplies goods to the individual,
individuals are forced to generate wastes such as packaging waste and food
wastes that require disposal. It is impractical, if not impossible to do without
the waste disposal service, especially in the sense that that an individual can
choose non-consumption of a commodity service such as haircuts.
Furthermore, waste collection and disposal are necessitated by the need
for the public goods, sanitation and community cleanliness. Therefore, the
government will require that they be purchased and creates a guaranteed
market for the industry.
Second, competition in waste management markets is limited by the
structure of the market. In many respects, local monopolies effectively
restrict the market to a single service provider. The efficiencies associated
with the use of a single carrier and the problem of access to privately owned
disposal facilities are the most compelling reasons for the emergence of the
market's monopolistic character (see Chapter 1).
Monopolists can use their power in the market to influence prices and
they will naturally attempt to maximize profits. If demand for waste services
is inelastic, the firms will try to set the highest price possible since the
corresponding reduction in demand from price increases will be small, if it
occurs, so it is not a consideration for profit maximization.
Because the cost of the service is relatively inexpensive to the buyer,
the service is an absolute necessity, there are no real substitutes, and
customers don't directly feel the impact of the cost of waste management in
most cases because it is often buried in their taxes, the demand is likely to be
inelastic. Therefore, the profit for the waste haulers will be high, and their
revenues will be higher than those of a competitive firm which would earn a
return based on the risks that their firm takes in the market. The demand
inelasticity may also serve to explain communities' willingness to pay
dramatic increases in price (characteristic of the market in the Northeast)
when capacity shortfall occurs and local solutions cannot be found. The rapid
rate of landfill closings in many areas is likely to enhance the problem.
Waste haulers also use their market circumstance to their best
advantage, sometimes even breaking the law in order to maximize profits.
Many waste haulers have been accused of Sherman Anti-Trust Act violations
such as price fixing and bid rigging to enhance their monopolistic hold on the
market (19 were under investigation in 1987). In November, 1987, Waste
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Management Inc. plead no contest to charges of price fixing in South Florida,
and paid $1 million in fines. Waste Management and Browning-Ferris
Industries both were ordered to pay $700,000 for alleged price fixing arising
from allegations of price fixing in Ohio.
The market for waste management services functions much like a
public utility market such as sewage services, water supply, and electric
power, except that the latter industries are much more intensely regulated.
Municipalities grant these utilities exclusive franchises to serve areas at rates
determined by regulatory bodies who set profit levels and service obligations
in return for these exclusive rights.
The waste management industry functions like a public utility in some
cases, where businesses and households are obliged to purchase services from
one service provider. Some authors have suggested that the solid waste
system be regulated like any other public utility. There are also many
drawbacks to this suggestion, assuming that enough political will is even
available to overcome the industry power to implement such a plan. It is
unclear how to cope with the inefficiencies and inequities resulting from the
industry's monopoly power, but simply understanding its causes can help
municipalities acknowledge and guard against its abuses.
6.1.2. The Markets For Recovered Materials
Secondary materials markets are requisite for a successful integrated
waste management system. Even so, many municipalities continue
implementing recycling and composting regulations that adversely impact
inadequately developed markets. Unfortunately, their new laws do not
encourage enough demand to keep the markets steady in the short term.
These shortsighted, but politically efficacious approaches worsen the
problem and could adversely affect the recycling movement. Increasingly,
private businesses have started to address the materials reclamation problem
with new ventures, but these will not become viable established markets for
many more years. Therefore, the problem will continue to mount.
If companies are to buy secondary materials for use in their production
processes, they must be assured at least that there will be a large, stable supply
of the materials that will not only meet standards for use in the industry, but
will also be more cost effective than virgin materials. Many businesses must
adapt their processes to use secondary materials which requires substantial
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investments. The risks of these investments must be offset by the price
differential of the secondary material for recovered materials to be used.
Markets for recovered materials can be either supply or demand
limited depending on the material. For instance recovered high-density
polyethylene (HDPE) and polyethylene terephthalate (PET) are supply limited
since the industry can absorb a much larger volume of these than are
available from recyclers. However, newspaper, corrugated, glass, and even
aluminum recovery is beginning to affect market demand.' The demand
fluctuations of recovered newspaper is especially acknowledged in the press.
A. Build Markets For Recovered and Composted Materials
Obvious solutions to counter the demand limit problem include
government preferences for recycled material, subsidies for recyclers and
composters, and encouraging export markets, but the problem is more
economic than it is environmental. However, regulators and policy makers
should be aware that market problems might be better handled by market
experts. Therefore, it may be wise to enlist commerce department economists
to help build markets instead of relying solely on the environmental agency
to promote markets for environmentally related goods.
Regional materials depots might be used to smooth out supply
fluctuations and provide large guaranteed contracts for buyers. If buyers have
to set up costly new purchasing offices and deal with many different local
entities, the cost effectiveness of recovery will decrease. Municipalities could
coordinate recovery and sales at a regional or state-wide level so that industry
will be much more receptive to using secondary materials.
Quality standards for recycled materials and compost must be
determined and accepted by industry for markets to mature. Buyers must be
able to count on the consistency of recovered materials they purchase, but will
not even get together to form standards unless they see profitability in the use
of recovered materials. Therefore, the government, preferably at the federal
level, should investigate markets for recovered and composted materials and
provide incentives for the industry to develop comprehensive standards for
these materials. The buyers and government must then set up monitoring
and quality control groups to ensure that standards are followed.
1Hemphill, Thomas A., "Demand and Market Incentives: A Look at Industrial Policies",j Waste Age, January, 1990, pp. 24 - 28.
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The German parliament has forced retailers to bully the packaging
industry into devising a packaging recycling plan, yet incomplete, that will be
set up and run entirely by companies. The environment minister, Klaus
T6pfer has also suggested compulsory deposits on automobiles, computers,
and other consumer goods. Volkswagen and BMW have both responded
with projects aimed at exploring the possibilities of designing cars for easier
recycling. The Japanese Ministry of Health and Welfare has unsuccessfully
tried to persuade white goods manufacturers to either take the appliances
back or share disposal costs, but is continuing to press industry. Although the
effectiveness and efficiency of these different programs is unclear, they will
undoubtedly begin to appear in other countries and possibly in the US in
some form or another.
B. Virgin Materials Market Subsidies
Federal tax policy encourages the mining and extraction industries
through the use of depletion allowances and investment expense deductions
(current expensing). In minerals extraction industries, firms claim tax
deductions for the use of the reserves they deplete during extraction. These
function to effectively lower the cost of extraction for the materials, and in so
doing bias the virgin materials by the amount of the subsidy.
Timber growers also profit from subsidies which effectively lower the
costs of virgin lumber products (especially pulp and paper). Besides current
expensing, the US Forest Service maintains timber stands and provides
logging roads at little or no cost to the timber industry. When commercial
logging companies bid for cutting rights, only a fraction of the costs are
included in the purchase price.
A study by Congress Research Service found in 1978 that as much as 72
percent of the price difference between virgin and recycled paper and
linerboard was due to tax and other subsidies. The same study concluded that
virgin steel received a 106 percent price differential subsidy.2 In 1979, the
Treasury Department Office of Tax Analysis determined that the cost of these
subsidies in lost tax revenues was nearly $3 billion.
The government should offset virgin material subsidies by providing
incentives encouraging the use of recovered material, or develop a method to
2young, Robert, "Recycling Markets and Existing Subsidies", BioCycle, November, 1989, pp. 68
-70.
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curtail or tax the subsidies if society is ever to use the market to help
internalize all the effects of environmental damages due to resource
extraction and use. By providing incentives to produce virgin materials, the
government not only encourages more of the environmental degradation
associated with resource extraction, but also in effect discourages reuse of
reclaimed materials rather than newly produced ones. The logic of this
practice directly counters that of the Environmental Protection Agency's
Pollution Prevention Policy Statement3 which states, "EPA believes that
further improvements in environmental quality can be achieved by reducing
or eliminating discharges and/or emissions to the environment through the
implementation of source reduction and environmentally-sound recycling
practices."
The European Recovery and Recycling Association, a group of
packaging industry firms, is advocating a voluntary tax on virgin materials that
will be used to promote recycling. This proposal is in response to their fears
that the European Commission may institute packaging laws similar to those
in Germany, and they want to preempt what they perceive as a serious
problem.
6.1.3. Matching Customer Costs and Benefits
While the costs of solid waste management are diffused and small, but
not insignificant to the individual, the overall cost to society is considerable,
and growing. Unfortunately, a large portion of the waste generators,
especially the households, have incentive structures that don't serve to
reduce the problem.
A. Connecting Cost to Customers
Variable rates, such as volume based or weight based fees, have been
used to directly link costs to customers. These programs, typified by bag, can,
or tag fees, frequently reduce the amount of refuse that must be landfilled or
incinerated, and increase the amount of materials recovered in recycling
programs. Savings from switching to variable rates can be significant since
they: accumulate from many users throughout the system; include direct
disposal cost savings; usually result in extending disposal facility (landfill) life
and therefore include avoided costs of siting; provide direct savings in crews
3US Environmental Protection Agency, "Pollution Prevention Policy Statement", Federal
Register, US Government Printing Office, January 26, 1989, pp. 3485 - 3847.
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and overtime at transfer, hauling and disposal facilities; and, provide
increased revenue in recycling programs.
Politically, it is always difficult to add any new fee to the public's tax
burden. Moreover, the price of waste disposal is not usually subtracted from
the tax bill when the fee structure is implemented, so the public doesn't
usually see the savings, just the extra cost. Also, new waste fees encourage
illegal dumping which will become a serious problem if rates are much
higher than the cost of service. Finally, it is difficult to convince citizens that
the program will actually yield savings since it is impossible for any charge,
no matter how high, to eliminate all of waste produced by households.
Therefore, it is not readily apparent to customers that linking cost to disposal
will affect any real changes.
However, in Seattle, volume based rates were responsible for reducing
the average number of cans from 3.5 to 1 per subscriber from 1981 to 1989
before any recycling plan was initiated by the city. Recycling and composting
programs have decreased the mass of waste landfilled by an additional 24
percent. Perkasie, Pennsylvania's waste was cut by 35 to 45 percent in the first
year after they introduced a bag charge system.
Communities can implement charge systems whenever hauling
contracts, franchises, rates, or billing systems are ready for renewal. The
implementation can be made more politically appealing for jurisdictions
running out of taxation authority since the system can operate outside of the
tax base, and therefore will free up tax revenues for other uses.
Municipalities considering volume based rates must be aware of the
problems associated with their implementation and be prepared to address
them. Customers will be confused about the system, and some will be
unwilling to change behavior. Illegal dumping and waste burning must be
discouraged and enforced by lawmakers. Considerations should be made for
the poor. All of these problems can be handled through preparation by the
appropriate agency. The program undoubtedly requires increased staff and
possibly changes in the responsibilities of existing staff, however, the added
benefits of less waste and less cost have been much larger than the added cost
to the community according to those who have already made the switch.4
4For more information, see US Environmental Protection Agency, Variable Rates in Solid Waste:
Handbook for Solid Waste Officials, Volumes I and II, EPA Office of Solid Waste and
Emergency Response, September, 1990, available from Future Impressions, Inc, Seattle, WA.
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B. Connecting Cost to Item Disposed
The differences in cost, corresponding to the different items actually
disposed, is the other portion of the cost for disposal services not matched to
the individual's consumption behavior. The problem is most difficult for
households since businesses can be more easily regulated through existing
mechanisms.
For household customers, it is impractical to charge different fees for
all different items in the waste stream because of the practicalities involved in
collection and the costs of monitoring. Recycling and composting programs
will help to remove items with positive value but cannot help for those
materials where no recovery value (or a negative recovery value) exists.
Therefore, household hazardous wastes (HHW) represent the most
consequential and costly materials because they have significantly higher
disposal costs than other non-recyclable materials in the waste stream. The
average real disposal costs (including environmental costs) are more
significant when HHW is mixed in with other wastes, because the entire
waste mixture subsequently takes on some measure of the toxic characteristics
of the HHW and should therefore all be treated as though it were toxic.
Banning HHW from the waste stream and providing another means of
disposal or collection can be effective if the authority conducts intensive
education and as long as the cost to the individual is not increased. Bans are
particularly difficult to police and enforce. Product deposits, container
deposits, or taxes may be levied to provide incentives to use alternative
collection means. Voluntary household hazardous waste collection has
proved effective in many communities, but the programs were costly,
performed without estimating their effectiveness and efficiency, and each
program's success greatly depended on implementing community education
programs carefully.
No matter what strategy is used to keep HHW liabilities from the waste
stream, the benefit is realized in avoided costs of contamination, and not
received in real dollars. Therefore, it accrues to society, but not to a
municipality's budget. Most of these programs, if they are to be successful,
have significant out-of-pocket costs that must be provided by the public sector.
Therefore, even though the programs can be justified, they are politically
unpopular and likely to be under-implemented.R
155
6.2. Decision Implementation Problems in Municipal Waste Management
The other major class of solid waste management problem is typified
by the fact that the decision making system for solid waste management is
failing to produce implementable policies since the process fails to treat the
larger policymaking debate. The current system is dominated by issue specific
implementation forums which allow any potential loser to legally block,
delay, or otherwise raise costs for implementation of decisions, even in the
face of substantial potential gains by society. The current trends in waste
management have only served to exacerbate the problem.
6.2.1. Why Implementation is so Difficult
The implementation phase is so difficult because of the process of
deciding on issues without building consensus for the larger public policy
problems associated with the decision making. This failure serves to
handicap the process before it starts. Many sources of conflict about solid
waste management provide intervenors with the substantive issues to block
facility siting.
A. The Waste Stream is Complex
Because waste is actually a conglomeration of many materials and
products, not simple homogeneous substances, there is no clearly most
efficient method for its ultimate disposal. Even within the largest groups of
materials in the waste stream - paper, yard wastes, metals, glass, plastics -
there are a multitude of products that use them in a variety of forms.
Therefore, waste is a very complex mixture whose reclamation and
reuse is not as simple as it may first appear. For example, many products are
composites, consisting of several materials that usually aren't easily separated.
In decision implementation, these facts serve to provide intervenors with the
controversial issues about implementation of specific modes of waste
management that cannot easily be explored and resolved during the
implementation and siting process.
B. The Management Options: Integration of Waste Management
Through the last decades, the choices for cost effective methods for
waste management have really multiplied due to public opinion and general
increases in landfilling prices. Management preferences have shifted
implementation strategies toward more upstream management modes as
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government increasingly stresses an integrated waste management approach
that is more difficult to implement. At the same time, the capacity of many
areas has dropped due to increasingly stringent regulations from all levels of
government, only adding stress to the implementation problem.
Landfilling has entered the arena of high technology, using new
discharge control technologies that have significantly increased costs for
operators. Also financial responsibility has increased costs for many
companies and government owned and operated facilities.
Waste combustion has matured throughout the last decade. The
technologies have become more complex and much safer, but the practice is
still quite controversial. The industry claims to have demonstrated that ash
is only a minor problem, and that it is useful in several ways for construction.
Emissions from state-of-the-art plants are also claimed to be lower than those
from many electric power producing facilities, but the public still associates
the plants with early "incinerators" that have branded the technology with a
serious image problem that will not quickly fade.
Recycling and composting, now politically charged modes for waste
management, are rapidly gaining popularity throughout the country.
However, they are both new technologies that have a variety of costs and
benefits that decision makers must carefully consider to implement an
efficient approach. Many of the diffused costs and benefits of these practices
accrue to society only through avoided costs that don't directly pay those who
provide the services. Underdeveloped markets for the products from these
facilities provide further barriers to significant use of waste materials
recovery.
Waste minimization is difficult and controversial. It includes
reduction of toxicity (a kind of risk reduction strategy) as well as the reduction
of the absolute quantity of waste generated by society at large. Minimization
is an easier mode to prescribe than to practice. Often these schemes require
looking into the means of production and tinkering with the actual
production technologies. Even though there is usually incentive to conserve
materials from the manufacturer's point of view, the social benefits of less
post-consumer waste don't necessarily affect the wastes' real producers.
While some plans have been successful, others nave languished, turned into
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costly battles in the courts, or as in the Massachusetts' recycling initiative case,
turned to angry and unproductive battles of political will.5
An unintended consequence of the shift to integrated waste
management is that the decision has become much more difficult. Now the
advocates of other waste management modes challenge the decisions by
states, regions, and localities to site or build any waste management facility
not on the basis of siting, but on the merits. They question the entire process
from a more holistic point of view not amenable to resolution at the
implementation phase. These challenges can scuttle well-intentioned
planning efforts even if the project is necessary and the best option for the
location.
C. Government Responses
While the government has set the agenda for change in the industry,
the process has been slow especially at the federal level. The SWDA and
RCRA legislation have been poor attempts in addressing the real issues
involved in the municipal solid waste management problem and surely
don't fit the current situation. The EPA has also neglected the solid waste
issue primarily because other pending issues, more politically significant at
the time, captured the agency's limited resources. The states and localities
have provided the majority of solid waste management, but they have been
weak in providing comprehensive management policy that could address
stakeholder concerns since issue specific remedies, rather than system-wide
cures, dominate their decision making forums.
6.2.2. Current Practices May Not Help
The most common form of decision making, benefit-cost analysis (in
any one of its many forms) cannot adequately capture the value of
environmental problems. Problems in estimating the values of non-market
goods, or the proper discount rate to any accuracy, as well as problems of
scope, risk, uncertainty, and distribution serve to make studies very
controversial. Moreover, the perspective of the analyst that performs the
study, dominates it. Therefore, not everyone will agree with the premise of
the study, a problem which results in challenges that are very hard to refute
in policy making or project planning forums.
5For instance see Gelbspan, Ross, "Recycling Bill Caught in Environment, Business Fight",
The Boston Globe, December 29, 1991, pp. 19 - 20.
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More importantly, a top down decision model, where the interests of
all the stakeholders are not addressed until a siting dispute arises, simply does
not treat the cause of the problem. When a siting dispute does arise, the
larger policy issues are brought up that cannot be answered. For instance, in
siting an waste combustion facility, opponents often object on the grounds
that recycling would be a better option. Whether substantive or not, this
larger policy question is not appropriate for a siting forum. It should be
resolved much earlier in the policy making process where it could be
resolved in an appropriate forum.
6.2.3. A Better Decision Evaluation Practice May Help
If society will allow a pragmatic approach to the resolution of conflicts
about the solid waste management system, then alternative methods of
decision evaluation may provide a better way to produce acceptable decisions.
This may not be possible since fundamental conflicts exist between groups
such as industry and deep ecologists. A fundamental deep ecologist might
object to the very use of any cure which included the industry, and even to
the presence of the industry as a stakeholder in the decision making process.
This problem may seem trivial, but it is not. Even those who have not
critically examined their own personal philosophies can feel, and rationally
so, that they simply don't want an incinerator in their community. This
feeling is sufficient to sabotage any pragmatic attempt at siting an incinerator
there. This argument holds of course for siting any type of solid waste
management facility, including landfills, recycling facilities, composting
facilities, and transfer stations. Of course facility siting is so important in the
industry since it is both the major determinant of market power for the waste
hauler, and is critical to achieving and maintaining the efficiency and equity
of the entire system.
A. Describing a Pragmatic Approach
If it is possible to avoid these philosophical conflicts (or include them
in the process explicitly) then a pragmatic approach can be successful. Several
steps are necessary for implementing a pragmatic approach. First, the groups
must be gathered together so that serious discussions may produce agreement
about implementable policy. Then, the group must be provided a model that
can help them communicate among themselves in a context that all
understand, and can then use to evaluate the problems at hand in a holistic
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manner. The model should present tradeoffs in such a way that each group
can understand them from their own point of view and then negotiate for
particular outcomes according to their interests.
The process should explicitly acknowledge that some stakeholders will
be impacted by particular decisions and should be compensated accordingly in
order to reach an implementable consensus. Furthermore, the model should
not promote an antagonistic atmosphere so that creative options can be
explored. This will serve to broaden the debate and allow everyone to reach
practical solutions to the increasingly complex and uncertain waste
management problem.
B. A Practical Example
Many of the problems associated with the top-down decision making
processes typified by the use of benefit-cost analysis, may be alleviated using
multi-attribute analysis to explore decisions, determine changes in the
current system, and reach the most equitable, effective, and efficient outcome
in the future. The process serves to bring all stakeholders together in a policy
exploration forum, and can allow them to formulate many scenarios that can
be tested against each other to provide a holistic method of determining best
outcomes.
The multi-attribute analysis considers scenarios of the future that
explicitly include uncertainties to determine the impacts of different actions
required by each scenario on the attributes that the stakeholders themselves
most value. The uncertainties that are not presently included in the decision
making process, such as waste composition, changes in waste composition,
influences of waste minimization, market uncertainty for recovered
materials, effects of technology, and, effects from the condition of the
economy, may be directly included and planned for.
To eliminate bias, the physical results from scenarios are presented in
terms of their original units (dollars, pounds, parts per million, and so on).
Technical experts should present the technical evidence and the controversies
about the problems to give the group an understanding of the mechanisms
that link impact to physical unit, then all participants can negotiate for
implementation of the choices that best serve their own objectives based on
their own personal calculus of comparing costs and benefits.
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The analysis is meant to enhance decisions, and presents tradeoffs to
the decision makers and stakeholders in a context where they can evaluate
the effects of a number of choices on the entire system to make the best long
term decision for all parties concerned. It addresses policy issues before siting
issues, rather than leaving them available for use during the siting process by
stakeholders who feel that their interests are insufficiently represented.
Finding implementable solutions is not easy. Problems stemming
from our society's past practices of relatively unrestricted landfilling and our
vexing social dilemma of siting facilities, make the issue even more difficult.
Citizens, companies, and politicians must all work together to help shape the
best solution to social as well as technical solid waste management problems
so that services and markets are both profitable and sustainable. The multi-
attribute model could help implement a better, more equitable, and more
efficient future for all.
6.3. Conclusion
The municipal solid waste industry is changing, but it may be running
awry. The practice of municipal solid waste management has changed
throughout its history, constantly finding better options to manage waste.
But now progress is at an unprecedented rate. Society has begun to take the
environment seriously enough to worry about its well-being. The process is
good since environmentalism is a natural aspiration that raises the well-
being of society much as other enjoyable amenities such as a fishing trip, or a
day at the beach.
However, the vital role of markets must be clearly acknowledged in
any plan to provide efficient management solutions. Lester Thurow has
summed the argument clearly:
Environmentalism is a demand for more goods and services
(clean air, water, and so forth) that does not differ from other
consumption demands except that it can only be achieved
collectively. In any geographic region, we either all breathe clean
air of none or us breathes clean air. 6
6Thurow, Lester C., The Zero-Sum Society, Basic Books, Inc., New York, 1980, pp. 104 - 105.
161
Therefore, solid waste management can be provided as a natural consequence
j) of the market if the public can reach good decisions for protecting the public
good, and if markets for the waste service function properly.
The decision making process is not a zero-sum game if the system is at
or near its optimum. Since many states export their garbage long distances at
very high cost because they are unable to reach local solutions, the system is
probably not near that optimum. Therefore, it is logical that reduction of
relatively high transportation costs could provide noteworthy gains and meet
new environmental goals simultaneously. Through comprehensive multi-
attribute analysis, other gains may also become apparent that were not
necessarily explicitly considered before.
6.3.1. Recommendations
Two themes are evident from the analysis of solid waste management
practice. First, the lack of comprehensive and considered solid waste policy
may be largely to blame for the social dilemmas faced by the municipal solid
waste management industry. Second, important market problems, neglected
at present, should be better addressed by government.
A. Explore Multi-Attribute Analysis
The public is still very conscious of the egregious solid waste problems
of the past. Good decisions can be made and then implemented, but the
public, the regulators, and the industry must work together to form them.
People must participate as well as decide in their own terms about the issues
related to solid waste. The only way for them to do so is to provide the
information for informed decision making.
The most serious problem in the solid waste management field is
public policy disputes during decision implementation. The decision making
process tends to avoid acceptable, efficient, considered decisions that arise
from considered policy development with the interests of the stakeholders at
heart. The new demands on the old decision making system allow all the
stakeholders to drive the process in opposite directions, not necessarily
reaching the best outcomes for society.
The popular idea to develop a model siting procedure using the same
decision making methods will be little better than the present system unless it
is much more participatory, and explicitly includes the interests of theI
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stakeholders. The multi-attribute analysis could function as a decision
exploration, analysis and decision making model, as well as a siting model,
and therefore may be a better choice for the entire process.
The federal government should provide research grants to develop a
model decision analysis framework that would include multi-attribute
analysis to help provide consensus building about the best achievable,
economically efficient and socially equitable method of solid waste
management in an area given the local situation and constraints. This
framework should be made available to localities for use in evaluating and
siting facilities. Procedures must be developed to determine ways of
presenting technical information to the stakeholders so that they can
understand and make choices about preferences.
Since the implementation of a multi-attribute analysis framework will
make siting less risky the industry should favor the idea. In fact, this is a good
reason for the industry to also provide grant assistance to the model research
group.
B. Emphasize a Regional Approach
Solid waste management is a regional problem by nature.
Transportation, the most expensive single part of the system, limits waste
hauling distances in an efficient system. Economies of scale require larger
systems to increase efficiencies. The nature of the region determines its size.
State governments should play a role in the determination of regions, but
should not artificially erect boundaries for waste at state lines. An ad hoc
basis for solid waste management system analysis and decision making may
provide the most effective approach.
States should be required to model their entire waste management
systems such that the framework endorsed by the can be easily implemented
when any group proposes to add a facility for solid waste management to the
system. Then, the affected areas must be included in the multi-attribute
framework, and the stakeholders should negotiate the solution.
Although regional management is time consuming, it is preferable to
implementation of poor choices and siting failures. It can also provide a
method of sharing liabilities between communities and provide more
resources for coordinated public educational campaigns. Carefully
163
implemented, any regional approach can surmount geographic, historical,
regulatory, and political obstacles.
Regional approaches for materials recovery help to attract demand for
secondary materials since they can ensure a larger, higher quality source that
eliminates the need for buyers to deal with many different suppliers.
C. Provide Decision Makers With Good Data
The problems associated with inadequate data are very real. It is very
difficult to undertake comprehensive planning without data on the actual
composition of the wastes that households and businesses generate and
discard in an area. Planners need data on a regional level to properly forecast
management needs. Therefore, studies at the national level that determine
the content of the waste in the entire US are not helpful for any particularly
accurate regional solid waste management decision making. There are big
differences in waste constituents and flow from area to area based on climate,
industry, population density, affluence, tradition, time of year, and so on.
Before construction of new facilities - at no small expense to society -
planners should be able to justify them with accurate data. Sizing recycling
and waste combustion plants is a difficult enough problem with
unquestionable data. Designers must plan a facility to: utilize as much of the
variable waste generation as possible, operate as close to capacity as possible
(preferably always at capacity), function in spite of fluctuations in waste
composition. Even though society must pay for data acquisition costs up-
front, they will eliminate costly planning mistakes related to capacity
forecasts.
If any accurate model is to provide good analysis, it needs good data.
The multi-attribute model is exceptionally flexible in that it can adjust to the
uncertainties existing in the available data, but this fact is not a good
justification for the use of inappropriate data in the first place.
D. Connect Waste Management Costs and Benefits
To help provide incentives for better waste management, new
regulation should directly link the cost of providing the waste disposal
service, instead of burying payments in property taxes. Rate-payers' bills
should vary according to the amount and type of waste discarded to
encourage waste reduction. According to the literature, residents will
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participate in the programs. Communities that already have programs feel
they are equitable methods of sharing the costs and benefits of waste
management.
Municipalities should also begin to charge variable rates to capture the
differential costs of managing different wastes, and encourage the practice of
source separation whenever feasible. Differential rates will be especially
effective in cities where illegal dumping is difficult. The most important
goals of the program should be to remove toxic materials and promote
recycling of wastes. Connection of costs and benefits can produce a successful
recycling program, as demonstrated by the Japanese who are very proficient -
and they do it with higher participation in smaller houses.
E. Developing Markets For Demand Limited Recovered Materials
The markets for demand limited recovered materials should be
encouraged by localities, states and the federal government. Mechanisms that
can be used to stimulate demand include guaranteed purchases and rebates or
sales tax credits on recycled materials for businesses or consumers.
6.3.2. Research Agenda
Even though solid waste management is a relatively established field,
there are many needs in the industry since it is changing so rapidly. Problems
in many municipal solid waste management areas require research. Small
savings by everyone in this necessary $30 billion a year indi:try can add up to
considerable amounts, so good research has the added benefit of potentially
handsome payoffs.
A. Decision Making Modelling
To make good decisions using multi-attribute models, someone must
develop and implement them. To date, no solid waste management decision
making model has ever been used as proposed. It is even more attractive
since it could provide a model for use in siting in addition to developing
better decisions, solving a problem that many researchers, including the
Congressional Office of Technology Assessment, believe should be addressed
immediately.
Many questions about the model need satisfactory answers: how
should the model be constructed; should it be used for analysis, or decision
making only, or both; how big should a region be; what important
165
characteristics of a locality must be known or estimated; what facts can
.) provide irrefutable results; how much environmental and economic gain can
be made through implementation of the model; and, what uncertainties
should be included in the system.
B. Technology
Many specific technologies need much more research, but those
relating to collection or recovered materials and waste separation techniques
could produce significant cost savings in materials recovery. More
investigation of the elimination of toxins from materials, products and
packages should also be stressed to reduce risks associated with current waste
management practices.
C. Data Collection and Standardization
There are serious problems with the availability of good data
everywhere. The federal government should provide funding as well as
better guidance for researchers to sort out the mix of solid waste in different
localities, and to help develop a clear understanding of the future changes in
composition at a regional instead of a national level. Historical data is
necessary as well since it can help to correlate trends in socioeconomic
variables such as social status or state of the economy with waste production,
to allow planners forecast for the future. Chemical composition data is
necessary to adequately forecast the need for solid waste combustion facilities.
Also planners must develop data on materials not classified as solid waste
that still enter the solid waste management system, such as sewage sludge and
construction debris.
D. Market Development and Impact Analysis
Researchers must explore recovered material market relationships to
determine the impact of the multitude of new regulations on the market,
since recycling requires both adequate demand and supply. Regulators need a
strategy for mitigating the problem of excess supply (and excess demand) that
can also bring markets along in an orderly fashion because it is not likely that
they will reach equilibrium for some time. Export markets should play a role,
but it is not clear how much. Changes in tax policies should help to
compensate for subsidies of virgin materials, but it is unclear how or how
much.
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